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Disclaimers

The findings« in this report are not to be construed as an official Depart-
ment of the Army position unless so designated by other authorized
documents.

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way supplied the said
drawings, specifications, or other data is not to be regarded by impli-
cation or otherwise as in any manner licensing the holder or any other
person or corporation, or conveying any rights or permission, to manu-
facture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commercial hardware or software.
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DEPARTMENT OF THE ARMY

U. S ARMY AVIATION MATERIEL LABORATORIES
FORT EUSTS. VIRGINIA 23804

This report has been prepared by Hayes International Corporation under the
terms of Contract DA 44-177-AMC-263(T). The technical objective of the
contract was to design an armored crew seat incorporating the results and
recommendations of previous research efforts involving the dynamic testing
of four armored, crashworthy, experimental aircrew seats.

The results of this research effort indicated that it was feasible to embark on a
fabrication and test program of experimental crew seats in order to justify the
design criteria and the energy absorption systems, The results will be utilized
in the design of passive defense systems for future Army aircraft,

Views expressed in this report have not been reviewed or approved by the
Department of the Army.
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SUMMARY

The primary objective of this program was to develop the design of an im~
proved aircrew armored crash survival seat. The U.S. Army, through previous
contractual efforts, designed and developed four armored aircrew seats hav-
ing crash load attenuation features. Each design was unique in concept,
geometry, material, energy absorption and other factora. A comprehensive
analysis and evaluation were made of these designs as a basis for developing
an improved design.

The dynamic tests did not yield a significant amount of useful data in the
determination of the load attenuation characteristics of the geats. The
energy absorbing devices did not function as designed. This was due to
premature failures and to the inadequacy of the accupant restraint system
to maintain the occupant in a position to load the seat in accordance with
the design concept.

Design criteria for strength and deformation characteristics are based on
recommendations by Aviation Safety Engineering and Research (AvSER) in their
Technical Report 65-14, entitled "Proposed Militarv Standard For Improved
Crew/Passenger Survival Seats and Body Retention Systems". BRasically, these
requiremants were: The initial seat collapse strength under longitudinal
loading shall exceed 35g, based on an occupant weight of 200 pounds; It must
be capable of vertical deformation of not less than 6 inches while maintain-
ing a vertical load of 17g based on an occupant weight of 80 percent of the
weight of a 200-pound occupant; It shall exhibit static strength such that
initial collapse occurs under lateral loading of 4,000 pounds.

A geat design was develuped that will meet or exceed the specified require-
ments. It is forward facing and designed for installation in the UH-1B air-
craft. It consists of a seat bucket, fabricated of aluminum alloy sheet,
supported by a tubular steel framework from floor tracks. Load attenuation
is accomplished by a Hayes-developed energy absorbing device utilizing con-
trolled bending of steel rods. The seat bucket is allowed to move relative
to the support for energy absorbing stroke in the vertical and lateral di-
rections. The complete seat moves relative to the floor for the stroke in
the longitudinal direction. The load attenuation devices can be adjusted

or easily replaced for various occupant-armor weight configurations. Verti-
cal adiustment is accomplished with an electric actuator.

The restraint harnesg designed for minimized elongation as well as strength
consists of a lap belt, shoulder straps, and a crotch strap. A dual inertia
reel is mounted on top of the seat back. All straps terminate at a single
point at which all can be released immediately.

Ballistic protection 1s provided by a shell of ceramic-fiber glass composite
armor attached to the seat bucket. The armor was developed by Cincinnati
Testing Laboratories and is somewhat lighter in weight than preseut armor.
Protection is provided against 7.62um APM-61 ammunition fired at 100 yards
range at 159 obliquity.
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FOREWORD

A program was conducted by Hayee International Corporation to develop the
design of un improved armored aircrew crash survival seat for use in heli-
copters. This included the analysis and evaluation of four different
armored seats having energy absorbing capabilities that were subjected to
dynamic tests. The program was acconplished under Contract DA44-177-AMC-
263(T) for the U.S. Army Aviation Materiel Laboratories, Fort Eustis,
Virginia. The contract was initiated in June 1965, 1t was accomplished in
three phases as follows: Phase I, Analysis of the Fuur Seat Designe; Phase
II, Development of a Concept of An Improved Seat; and Phase III, Detail De-
sign.

The program was conducted under USAAVLABS direction of Mr. F. P. McCourt,
Chief, Safety and Survivability Division. Mr. R. Fama, Project Eungineer,
was designated as authorized representative of the Contracing Officer, Mr.
R. P. McKinnon.

Principal Hayes engineers were: Mr. L. R. Anderson, Project Engineer; Mr.
W. T. Holmes, Mr. G. R. Grimes and Mr. O, A. Rogers, Analysi;; Mr. L. B.
Wheeler and Mr. B. L. Lewis, Designers.
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INTRODUCTION

It has been repeatedly shown from aircraft crash investigations that a
higher degree of energy absorption 1s needed in present design of aircrew
seats. This has been revealed in cases where impact velocities and result-
ing decelerative forces were such that with reasonable geat restraint and
energy dissipation, crew survival would have been possible., These investi-
gations have led to a greater awareness of the need for a reappraisal of

design criteria and design concepts in obtaining crashworthiness of aircrew
seats.

The U.S. Army, through contractual effort, has designed and tested four air-
crew crash survival seat concepts. These seats were designed to incorporate
armor materials and energy absorption techniques to increase the occupants'

- probability of survival under crash impact and ballistic threat conditions.

Each of the seats 1s unique in geometry, material, energy absorption, and
other factors. They wexre subjected to dynamic tests to evaluate their
crashworthiness properties and to develop deceleration time histories, load
deformation curves, and other pertinent data.

A comprehensive study and evaluation of these designs were accomplished.

This included the design philvsophy, design criteria, detail design, energy
absorption characteristics and the results of the dynamic tests relative to
the design objective. A review of the design criteria, a discussion of each

of the designs (including conclusions), and a comparative evaluation are in-
cluded in this report.

The primary objective of this program was to develop an improved aircrew
seat design. The original contract requirements were for a seat having load
attenuation capabilities in the vertical direction only and designed for
rather high loads. Preliminary design study indicated that a seat meeting
these requirements would be quite heavy and would uot provide the necessary
crash protection. The design requirements were revised to incorporate rec-
ommendations by Aviation Safety Engineering and Research (AvSER), a Division
of Flight Safety Foundation, Inc. These criteria are published in AvSER
Technical Report 65-14. They require load attenuation in longitudinal,
lateral, and vertical directions. Design load requirements were reduced
from thcse originally specified in the contract. A design of an armored
crashworthy seat was developed that will meet all of the specified require-
ments. This report contains a summary of all work accomplished on the con-
tract, including results of evaluation and design study. It also contains
complete load and structural analysis of the seat design.

1
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ANALYSIS AND EVALUATION OF SEAT DESIGNS

The primary objective of this program was to design an improved aircrew
armored crash survival seat., The four seat designs previously developed
and subjected to dynamic tests were to serve as ugeful basic data for this
design development. A thorough analysis and evaluation of these designs
were accomplished. This study included an evaluation of the design crite-
ria, design philosophy, detail design, materials, energy absorbing charac-
teristics, and results of the dynamic tests relative to the design objec-
tive. Although none of the four seats were considered to be optimum in any
respect, each design is unique in geometry, material, energy absorption and
other factors. Data available for this study included engineering draw-
ings, stress analyses, results of the dynamic tests, high speed movies of
the tests, and one each of the seats that had been subjected to the dynamic
tests.

Most of the conclusions relative to the seats were based on design and ana-
lytical data. The dynamic tests did not yield a significant amount of use~
ful data. This was due to premature failures and to the inadequacy of the
occupant restraint system in preventing the energy absorbing devices from
functioning as designed. The following paragraphs include a review of the
design criteria and a description and discussion of each of the designs,
including conclusions and a comparative evaluation.

DESIGN CRITERIA

Tre design criteria used for the four seats that were evaluated differed in
several respects. The seats were designed for approximately the same, but
nct identicel, structural criteria. V:oriations existed in magnitude of load
factors and also in the manner in which they were combined. The basic
guldelines for other requirements apparently varied. Three of the seats
were designed for floor mounting. One was designed to be supported from an
airframe bulkhead, while another approach was to develop a universal seat
that would be adaptable to a number of Army aircraft.

All of the seats have vertical load attenuation capatilities that were de-
signed for essentially the same criteria of limiting vertical accelerations
in the pelvic region of the occupant tc a nominal value of -20g. 1In gener-
al, each of the seats, its support system, and the occupant restraint sys-
tem, individually and in combination, were designed to have sufficient
strength to withastand the loads from longitudinal deceleration of 25g for
0.20 second and 45g for 0.10 second in the pelvic region of a suitable
anthropormorphic dummy having a weight and mass distribution of that of the
95th percentile man. The weight of a 95th percentile man is 200 pounds.

A summary of the design accelerations is given in Table I. These data are
as presented in USAAVLABS Technical Reports 64-73, 65-2, and 65-7. Also
given in the table are preliminary type analytical data on the CH-34 seat
design.

Although the seats were designed by Jifferent load criteria, the serjes of

2
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tests were essentially the same for all seats.

DESCRIPTION 7% SEATS

UH-1B

This seat was designed for installation in the UH-l aircraft and was adapted
from another UH-1B crew seat, It consists of a seat bucket fabricated of
sheet aluminum alloy. A triangular frame made of steel tubing and fittings
provides support for the seat bucket and is attached to floor-mounted seat
tracks. Four aluminum slide fittings attached to the back and sides of the
bucket provide restraint for the bucket to the frame. These fittings are
interconnected horizontally by steel tubes and slide vertically on the aft
member of the steel frame for load attenuation travel. The seat is attach-
ed to the airplane through two tracks connected between the fore and aft
vertical members of the seat frame. Fore and aft adjustment is accomplish-
ed by positioning spring-loaded pins into holes in the seat floor track,.
Vertical adjustment was not provided in this design. Figure 1 is a photo-
graph of the seat.

Vertical crash forces are attenuated by a series of up to eight cable-
sheave energy absorbers which are mounted between the bucket fitting inter-
connect tubes and the horizontal member of the seat frame. This device
functions by progressive failing of lips of the sheave which are pressed
over a steel cable circling the periphery of the sheave, A vertical travel
of 7.9 inches is available for load attenuation.

A lap belt, a crotch strap and a shoulder harness terminating in a single
inertia reel comprise the restraint system. Instantaneous release is pro-
vided by one lever on the belt buckle. The complete restraint system is
mounted on the seat bucket to prevent loosening should the seat stroke
downward,

Ballistic protection is provided for .30-caliber ammunition by armor fab-
ricated from a hard-faced ceramic armor utilizing 6-~inch-square tile. The
seat bucket is adapted to incorporate armor protection across the back,
bottom, and front. Additional armor for side protection was to be attached
to the aircraft entrance door. A readily removable chest protector pro-
vides front armor. It is attached to the seat bucket by pivoted arms to
allow the necessary pilot movement and to permit the armor to swing forward
away from the pilot's chin in the event of a crash.

Universal Seat

The seat design consists of a seat bucket fabricated basically of aluminum
alloy but utilizing armor materials for some structural elements. The seat
support structure is also fabricated of aluminum sheet and machined parts.

Two vertically oriented tracks on the support structure provide support for
the seat bucket and the necessary travel for energy absorption. The seat

bucket is attached to the tracks through rollers on the inside of the sup-
port frame and at the center of the back of the support frame for restraint

4
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of the bucket to the frame. The seat is attached to the airframe through
tracks mounted at each end of the side support members. Fore and aft ad-
justments are provided by positioning spring-loaded pinc into holes in the
floor-mounted seat tracks. Vertical adjustment 18 provided by shear lugs
on the bucket which latch into a notched guide on the seat support. Stroke
length for energy absorption is reduced as the seat is adjusted to a lower
position. A photograph of the Universal seat is shown in Figure 2,

Attenuation of vertical crash accelerations is accomplished by absorbing
energy by bending and rebending steel straps suspended parallel to the back
of the seat. Bending is accomplished by forcing the straps to bend around
a five-pin carriage assembly attached to the seat bucket.

The occupant restraint system consists of a shoulder harness, a lap belt,
and inverted “vee'" belt type thigh straps. The shoulder harness and the
"vee" belt terminate in metallic loops that fit over a quick-release lap
belt fastener. A single inertia reel mounted on the top of the seat bucket
back is used in the shoulder harness.

Ballistic protection is provided by armor material mounted on the side,
bottom, and back of the seat bucket. The bottom and back armor material is
used as structural elements of the seat bucket. In addition, a shoulder
panel is cantilevered from the upper right corner of the seat bucket, and a
front torso shield is provided which completely envelops the upper chest
area., Both the shoulder panel and the torso shield are hinged to allow easy
egress. The torso shield is attached to the seat bucket through a support
linkage and a nylon strap which encircles the shield and is attached to the
support linkage. The armor material is a hard-faced composite, made from
ceramic tile with laminated backing.,

CH-34

L
This seat was designed for installation in the CH-34 aircraft., It is sup-
ported on two vertical tracks mounted on a bulkhead behind the seat. The
seat bucket is of all-aluminum alloy construction utilizing panels of honey-
comb sandwich, sheet and machined partas. The back of the bucket consists of
a honeycomb sandwich panel attached to two vertical members, one on each
gide., These vertical members are channel shaped and engage the fixed tracks
mounted on the bulkhead. The bottom of the seat bucket is a honeycomb panel
supported on the sides by aluminum plates attached to the vertical members.
Vertical crash forces are attenuated by crushing an aluminum honeycomb
material inserted in the seat support tracks. Figure 3 is a photograph of
the seat.

Occupant rvestraint is provided by a seat belt, shoulder harness, and crotch
strap cennected at one point on the seat belt to a post-type fastener on the
lap belt and secured by a spring loaded safety pin.

Ballistic protection is provided by the armor panels used as structural

members in the sides and back of the seat and by panels mounted on the
bottom and front lip of the seat pan. A chest protector is provided which

5
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Figure 1. UH-1B Seat,

Figure 2, Universal Seat.
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Figure 3. CHK-34 Seat.

Figure 4. CH-47 Seat.
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i8 mounted in slots oa each of the side armor panels. The chest protector
is hinged at the top to allow motion of the pilot during flight operations.

CH-47

This seat was designed for installation in the CH-47A helicopter. It is
unique in that it uses all of the ballistic protective armor as structure.
It consists of a gseat bucket formed by fastening hard-faced ceramic armor
to a light aluminum skeletal frame. A series of aluminum Trussgrid* honey-
comb type blocks support the seat bucket from the floor. The seat is
attached to a floor plate through the Trussgrid honeycomb blocks, and the
floo.,: plate is attached to the aircraft flodr. These blocks have glass
cloth laminated facings to which hinges are attached. The blocks are hinged
at the bottom of the seat bucket and at the floor. The seat is constrained
in the longitudinal direction by a screw jack at the bottom and by a nylon
strap and inertia reel at the top. The free end of the strap is attached
to a bulkhead behind the geat.

Vertical and horizontal adjustments are accomplished by moving the screw
jack. As the screw jack is actuated, the support blocks pivot around one
edge, providing vertical and horizontal adjustment simultaneously. A photo-
graph of the seat is shown in Figur=z 4.

Vertical and lateral crash forcus are attenuated by crushing the honeycomb
support blocks and a block of honeycomb which is attached between these
blocks and the bottom of the molded armor seat bucket.

Ballistic protection is provided by the armor used in the seat bucket. 1In
addition, a chest protector and shoulder shield are provided. The shoulder
shield is hinged at the top right corner of the seat bucket. The chest
protector is supported vertically by a single fitting which ccnnects at the
center front 1lip of the seat pan. Longitudinal restraint of the chest pro-
tector is provided by the shoulder harness.

Occupant restraint is provided by a seat belt and shoulder harness. Since
the chest protection is installed inside the shoulder harness and has a load
reaction point at its bottom support, it also contributes, to a degree, to
the longitudinal restraint.

ENERGY ABSORPTION

Each of the four seats utilized a different and unique device for vertical
1oad attenuation. None of the seats tested fulfilled all of the design ob~
jectives. The energy absorption devices functioned in the intended manner
on only one of the gseats in one test. Therefore, their energy absorbing
and load attenuation capabilities were not demonstrated. Excessive elonga-
tion in the restraint system allowed the dummy to assume a position well
forward. This resulted in a load distribution on the seat that differed

*General Grid Corporation, Edgewvcod Arsenal, Maryland.
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from the design analysis, and the energy absorption device was not loaded
as intended. Except for one of the devices, it is believed that they would
have functioned as intended if the restraint system had held the dummy in
the proper positicn. -
Following is a brief description of each of the concepts for energy absorp-
tion and comments on their characteristics, design, and feasibility.

UH-1B

Energy absorption in the UH-18 seat is accomplished by a series of cable-
sheave type devices connected between horizontal memters on the seat bucket
and support frame. These devices are designated "Attenuator Assembly, Mark
ITI, P/N B-9923-3". The attenuator assembly consists of an aluminum sheave
with a steel cable imbedded in a groove around the outer periphery. When a
load of predetermined value 1is applied to the cable, energy is absorbed by
progressive failure of the lips of the sheave which are pressed over the
cable. The sheave rotates about 1its center, which is fixed to the support
structure. Figure 5 {s a sketch of this device.

5061 Aluminum
Alloy Pulley

Load 1b x 104
[an I o RN N « A ¢ - ]

0 2 4 6 8 10

Deflection-Inches

Cable

Figure 5. Attenuator Assembly, Mark III Cable-Sheave Energy Absorber.

Data in the UH-1B stress analysis, Reference 10, indicate that the device
will sustain a constant load of 550 pounds over a stroke length of nine
inches as shown in Figure 5. Available deflection computed from drawing
data 1is 7.9 inches.

Provisions were made for the use of up to eight of the attenuators and eight
were used 1in the tests. Loads from sliding friction were accounted for in
arriving at loads on the attenuator. The magnitude of the loads due to
friction i3 rather difficult to compute and could have contributed quite
heavily in preventing the energy absorter from operating. PFrom an e<amina-
tion of the sliding components, it is concluded that additional effort
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: % should have been made in the design tec reduce the friction.

, E Although the energy absorbing capability was not demonstrated in the tests,
’ the concept and the device are considered gooc.

Universal Seat

This design uses a metal bending device installed parallel to the seat back
| connecting the seat bucket to the support frame, It functions by bending

| and rebending metal straps around a set of pins as shown in Figure 6. Thne

‘ straps are fixed to the suppurt struccure, and the five-pin movable car-

| riage is attached to the seat bucket. The device was sized for this specif-
ic application and is rated at 5600 pounds *5 percent to limit the loads on
the occupant to 21.5g. The seat bucket moves on rullers, resulting in
relatively low friction under forward loadings but with sliding friction

for lateral loading.

Support Supp-. ot
Structure Bending Chamber Structure

177777171 LLLLLLLLLY

L A~ N\ A~
/ \\ \- Ductile Strap
Bracket—/E_—‘ —

(Part of Seat) 4>

4 Attachment Bolts

Figure 6. Van Zelm Metal Bending Energy Absorber.

In one of the tests, this device started to actuate, but the complete seat
became disengaged from the track., It is reasoned that the seat experienced
accelerations of more than 20g only instantaneously, and the question re-
mains as to whether it wculd have limited the acceleration on the dummy to
-21.5g, the design value.

This concept and design for vertical energy absorption are considered to be
good., Additional drop tests ou the seat were conducted under this contract.
The results of these tests are summarized in another section of this report.

CH-34

Crushing of aluminum foil honeycomb material attenuates the vertical loads
in the Cd-34 seat., The honeycomb is enclosed in two vertically oriented
channels on the aft side of the seat bucket. It is surrounded by the

channel on three sides and partially on the fourth. This "energy strut"
engages the fixed bulkhead-mounted track in such a manner that the fixed
track compresses the honeycomb parallel to the longitudinal axis of the

1 Leerir et dekapon
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cells as the seat moves downward when a predetermined vertical load is
attained, In order to prevent normal operational and vibratory loads from
progressively crushing the edge of the honeycomb, the seat is supported by
two shear pins. Compression of the energy strut is activated when these
two pins are sheaared. A sketch of the concept is shown in Figuvre 7.

Typical compressive load-deformation cheracteristics of aluminum honeycomb
are shown in Figure 7. Test data show that there is a fairly steady in-

crease in load uvutil the yield point is reacned, followed by an abrupt de-
crease in load after the maximum yield strength 1s passed. Crushing can be

continued until about 235 percent of the original thickness of the honeycomb
remains.

The CH-34 energy strut has a free length of 18.75 inches. The honeycomb is
precrushed to an installed length of 18.5 inches to eliminate the high peak
load as indicated in Figure 7. The designer conservatively assumed an
efficiency of 66 to 70 percent to give an effective stroke for energy ab-
sorption of 12.1 to 12.9 inches. The shear pins are designed to fail and
the energy strut becomes operative at 18.2 to 19.4g with a 200-pound
occupant in the armored seat. The speciiied design limitation was 20g %5g.
The system did not function as intended in the dynamic tests.

The concept of crushing honeycomb material for energy absorption for air-
c¢raft seats 1s considered to be feasible and good. However, it is concluded
that the system did not function as desired because of a deficiency in the
detail design., (Friction in the track supports apparently was neglected or
inadequately accounted for in the determination of loads on the shear pins
and energy strut.) The strut should compress as intended under vertical
load only. Actually the moment due to the cantilevered seat bucket in-
creases fore and aft loads on the support. If a high friction coefficient
exists in the track system, the vertical loads on the shear pin and energy
strut would be reduced significantly. The components used in the seat were
7075-T6 aluminum alloy, and the sliding surfaces were coated with zinc
chromate primer, It is reasonable to assume that the coefficient of fric-
tion was quite high. For a load condition as tested, wherein there was a
high forward acceleration combined with the vertical acceleration, the loads
on the energy strut were greatly reduced. A load analysis indicates that
the friction loads were of sufficient magnitude tc have prevented the sys-
tem from operating in the tests. Friction must be greatly reduced and
controlled to make this concept feasible,

CH-47

This design utilizes a unique system for energy absorption. Energy is ab~
sorbed by the crushing deformation of blocka of Trussgrid, a honeycomb type
material. The bottom of the seat bucket is made of Trussgrid, but the major
energy absorbing elements are blocks of Truasgrid between the seat buckert
and the floor. These blocks rotate for combined vertical and horizontal
adjustment. They are loaded diagonally and form a parallel link system
driven by a floor-mounted electric linear actuator. An automatic seat-
mounted inertia reel and strap at the top of the seat back are used to re-
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Figure 7. CH~34 Energy Absorbing System.

Seat

IIDN

Trussgrid Blocks
Figure 8. - 7 Energy Absorbing System
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strain the seat and occupant in forward and side crash accelerations.

The design goal was for vertical loads to be attenuated to 20g *5g -con-
tinuously maintained in the pelvic region through crushable blocks and
through a crushable pedestal attached directly to the seat pan armor.

The adjustable blocks are arranged to vary the load-limiting action to ad-
just to man weights from 135.9 pounds to 199.7 pounds. This is automatical-
ly obtained when the occupant adjusts the seat for his optimum height and
reach. This system assumes that the 5th percentile man at 135.9 pounds will
adjust his seat to the highest position, and that the 95th percentile man at
199.7 pounds will adjust to the lowest position. Also, it assumes that
those men who fall between this range will have a height and weight propor-
tional to their percentile. This system does not make allowance for the
extremes such as a 5th percentile height man weighing 199.7 pounds or a 95th
percentile height man weighing 135.9 pounds. Therefore, the seat occupant
must consider his weight when making a seat adjustment to obtain optimum
vertical crash protection. Since this may not always be done, a non-opti-
mum load limit may sometimes occur.

The longitudinal and lateral design loads of 25g for 0.20 second and 45g
for 0.10 second are accommodated by allowing the crushable seat pedestal
a~d adjustable blocks to deform. This allows the restraining members to
act in tension. In a forward crash, restraint is accomplished by distrib-
uting the loads in three locations:

® At the seat top-center, by a strap which is attached to the
bulkhead behind the seat. The strap acts through an inertia-
sensitive reel on the back of the seat.

e At the back of the seat, at the intersection of the bucket
and pan, by tension on the adjustable screw jack. The jack
ie attached to the seat base at the floor bulkhead inter-
section.

e At the adjustable blocks, by partial crushing of the com-
bined pedestal and support structure. This provides some
attenuation at the load onset, and it provides position
retentlon thereafter.

The side load retention assumes that a considerable deformation of the com-~
bined crushable base will take place before the main restraint members
(strap and screw jack) take up the load. The amount of travel to either
side will vary from 5 to 8 inches, deperdfng on the initial seat adjust-
ment.

This concept of energy absorption is considered to be good and has merit
for crew seat application. The kinematics and kinetics of the system are
quite complicated and require intricate analysis. Many variables or param-
eters enter into the analysis, and the validity of the analysis depends on
proper representation of these parameters. It is believed that more know-
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ledge of some of the variables is necessary to design the system properly.
The load-deflection properties of the Trussgrid blocks for the various load
directions should be determined by tests.

The crash performance of the seat in the cests was limited by failures of
the restraint system. There was evidence of energy absorber action, but an
evaluation of the crash lcad mitigation properties cannot be made from the
test results.

RESTRAINT-CUSHION SYSTEM

UH-1B

The restraint system for this seat consists of a shoulder harness that con-
verges into a single, strap-type inertia reel, and a lap belt, both with
metallic end fittings that fasten into a quick-release buckle that is
permanently fastened to a crotch strap. The crotch strap, in addition to
preventing the occupant frem submarining under the seat belt, retains the
quick-release buckle in the seat pan.

The inertia reel conforms to Military Specification MIL-R-8236B(ASG) and is
Type MA-6 under this specification. The strap is made of Dacron webbing
per Military Specification MIL-W-25361(USAF), to which it must conform as
stated in MIL-R-8236B(ASG), the inertia reel specification. Measurements
of the strap gave a width of 1.75 inches and 0.082 inch in thickness;
therefore, it appears to be Type II1 of MIL-W-25361(USAF). Type III webbing
is required to have a breaking strength of 7000 pounds; except for the
crotch strap, the remainder of the restraint system seems to be made of
nylon webbing. The shoulder harness was measured to be 1.75 inches in
width and 0.095 inch thick; the lap belt, 1.75 inches by 0.120 inch thick;
and the crotch strap, 2.0 inches by 0.066 inch thick. The crotch strap
appears to be made of Dacron. Specific data on restraint system materials
are not avallable.

Both seat bottom and back cushions are wade of urethane flexible foam hav-
ing densities of 2 pounds per cubic foot for the back cushion and 4 pounds
per cubic foot for the seat bottom cushion. The seat bottom cushion is
contoured to f£it the occupant's posterior, with a thickness of about 3.25
inches in the area of the thigh position, tapering to about 1,75 inches in
the area of maximum body support of buttocks area.

Universal

This restraint system, except for the inverted "vee" belt, is composed of
off-the~shelf military belts and metallic hardware. It congists of a
shoulder harness that converges into a single strap inertia reel, a chest
belt, and an inverted '"vee'" belt.

The lap belt is 3 inches wide and 0.087 inch in thickness and is made of
nylon webbing conforming to Military Specification MIL-W-8630, Type III,

which requires a minimum breaking strength of 8200 pounds. Two thicknesses
of this webbing are used to form the belt to reduce elongation under load.
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Dacron webbing, 1.687 inches wide and approximately 0.085 inch tnick, is
used for the inverted 'vee'" belt. It conforms to Military Specification
MIL-W-19078, which requires a minimum breaking strength of 6020 pounds.

The inertia reel 1is a strap type and conforms to Military Specification
MIL~R-8236B(ASG), Type MA-6. The strap is of Dacron, is 1.75 inches wide
by 0.082 inch thick, and conforms to Military Specification MIL~-W-25361
(USAF), Type I11, which has a minimum breaking strength of 7000 pounds. A
standard belt assembly, AN6506, modified to fit the dimensions of the seat
is used for the chest strap. This belt uses nylon webbing, 1.75 inches
wide and 0.090 inch thick, conforming to Military Specification MIL-W-4088,
Type VII, which has a minimum breaking strength of 5500 pounds. The
shoulder harness and the 'vee" belt have metal loops that tie into the lap
belt buckle. The chest belt has its own buckle; thus, ingress and egress
require manipulation of two buckles--1f the chest belt 1is used.

The seat cushions were made of polyurethane foam. The seat bottom cushion
18 3 inches thick and is approximately 2 pounds per cubic foot in specific
weight, These physical characteristics are sufficient in magnitude to
cause the dynamic magnification of the seat occupant acceleration relative
to the seat vertical acceleration.

CH-34

The system consists of two inertia reels of the aircraft cable type which
attach to the shoulder harness, a seat belt, and an inverted "vee" belt.
The metallic end fittings of the shoulder straps, the "vee' belt, and one
side of the lap belt are placed one on top of the other, over a specially
designed post-plate fitting that is attached to the opposite side of the
lap belt. 7This restraint svstem was designed to withstand somewhat greater
loads than the other designs evaluated. No failures were experienced in
tests, and the system elongation was significantly less than for the other
seats.

Two cable-type inertia reels are used. They conform to Military Specifica-
tion MIL-R-8236B(ASG), Type MA-2, and are connected to the ends of the walk-
ing beam. The shoulder straps converge to a common fitting which, in turn,
is fastened to the center of this beam. The shoulder harness and inverted
"vee" belt are nylon webbing per MIL-W-8630-C, Type VI, and are }.75 inches
wide by 0.110 inch thick. This webbing is required to have a minimum break-
ing strength of 8700 pounds. 7o thicknesses of nylon webbing are used for
the lap belt per MIL-W-8630-C, Type II, sewn together. Singly, this web-
bing is 0.080 inch thick and 3 inches wide and has a minimum breaking
strength of 8200 pounds.

Both seat back and seat bottom cushions are tapered. The seat back cushion
is made of polyurethane foam with a thickness of 1.5 inches at the top of
the seat back and tapering linearly to 3 inches at the bottom end. The seat
bottom cushion has a top layer of polyurethane foam of 1.25 inches constant
thickness and a lower layer of expanded polystyrene that has a linear taper
80 as to make the seat cushion total thickness 3 inches at the front and
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2.25 inches at the rear.
CH-47

This restraint system consists of a shoulder harness that fastens into the
chest protector, a lap belt and a shoulder harness using a single inertia
reel. The gystem differs from the others in that the chest protector is a
part of the restraint system.

The strap type inertia reel is identical to the one used for the Universal
Seat. Its location, at the bottom of the seat back, is unfavorable in that
it introduces too much total stretch into-the restraint systems.

The shoulder harness and straps from the adjusters to the chest protector
latch are made of 1.75 inch-wide nylon and conform to Military Specifica-
tion MIL-W-4088E, Type VIII. A CH-47 drawing requirement states that the
harness shall be capable of withstanding a dynamic load of 4000 pounds for
0.1 second duration without fajlure., The ends of the straps from the
shoulders downward across the body end in metallic loop fittings that fasten
into a single lever release fitting at the lower end of the torso shield.

The chest protector has a metallic fitting that fastens into a mating metal
fitting at the front edge of the seat pan. The chest protector fitting is

a 0.5-inch-diameter rod over a lower portion of its length, and this is di-
rectly exposed to the occupant. This fitting is the only object that would
prevent the seat occupant from submarining underneath the seat belt. Thus,
in a crash situation involving submarining, the fitting would cause extreme
discomfort to the posterior portion of the human anatomy. The lap belt is

a Military Standard, MS$22033.

The seat bottom and back cushions are made in one continuous piece of resil-
ient polyurethane foam, 1 inch in thickness. Because of the continual
failure of the restraint system in the tests, no assessment of the perfor-
mance of this cushicn is possible.

DYNAMIC TESTS

Dynamic tests of the four seat designs were conducted by the Aviation Safety
Engineering and Research Division of Flight Safety Foundation, Inc. Tuese
tests were performed on & sled track located at the Deer Valley Airport,
Phoenix, Arizona. Accelerations were provided by a rocket-steam propelled
sled. The sled was designed with shoes on the fore and aft center line to
ride the single rail track, with special outrigger shoes on each side.

These outrigger shoes rode ralls on each side of the center rail for the
power stroke distance, the first 14 feet, and thereafter ran over the
ground.

The seats were mounted on the sled in the proper orientation to yield the
design vector components of acceleration. Anthropomorphic dummies, equipped

with accelerometers to measure the accelerations in the vertical, longitu-
dinal, and lateral seat directions, were placed in the seats and secured by
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the seat restraint system. Accelerometers were also placed on the sled to
measure its accelerations in the same three perpendicular directions. Out-

puts of these accelerometers were fed into oscillograph recording equipment
and recorded.

A complete description of the test facility and apparatus, and detailed data
of the results of all tests, can be found in Reference 22. Only a summary
of the tests and pertinent data, observations, and conclusions relative to
an evaluation of the designs are included im this report.

The four seats were designed for approximately the same, but not identical,
criteria. Variations existed in magnitude of load factors and also in the
manner in which load factors were combined. The series of tests were

essentially the same for each of the seats. Table II summarizes data for
the test conditions.

There was considerable variation in the sled accelerations between tests,
The accelerations for Test Condition III were slightly low and also were
not sustained for 0.1 second. However, when all other events and factors
are considered, it is concluded that the sled performance was satisfactory
for this series of tests. In general, the test data appear to be valid.

TABLE II,

DYNAMIC TEST CONDITIONS

Test
Condition Loading Deceleration Levels(g) Time Duration
I Simultaneous Verti- Vertical g.-12.5 0.1 Sec.
cal and Longitudinal Longitudinal &L -22.5
Deceleration
11 Simultaneous Lateral Lateral g <-22.5 0.1 Sec.
and Longitudinal Longirudthdl g -22.5
Deceleration
I11 Simultaneous Verti- Vertical g -25 0.1 Sec.
cal and Longitudinal Longitudingl g, =45
Deceleration
v Simultaneous Lateral Lateral g =45 0.1 Sec.
and Longitudinal LongitudihBl g -45
L
Deceleration

(1) The UH-1B, Universal, and CH-47 seats were not subjected to this

test condition, as they were damaged beyond economical repair during
Test Condition III.

The primary objective of the tests was to determine whether the seats would
withstand the test loads and l1imit the accelerations on the occupant to
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values within human tolerance. 1In corder to accomplish this, it was neces-
sary to maintain the structural integrity of the seat for the design load
conditions., None of the four seat designs tested fulfilled all of the de-
sign objectives. The energy absorption devices functioned in the intended
manner in only one of the seats in one test. In most of the tests, the
measured accelerations in the dummy exceeded presently accepted human tol-
erances and the design objectives. Dynamic magnifications, induced by the
restraint-cushion systems used, contributed significantly to the high
accelerations in the dummy. Excessive elongation in the systems allowed

the dummy to assume a position well forward for the combined load conditions.

The loads on the seat and therefore the loads on the energy absorbing de-
vices were not as predicted, This, however, does not indicate that they
would not have performed satisfactorily if they had been loaded differently.
Other problems, such as load 1link failures, structural failure, restraint
system failures, and disengagement of one seat from the track, negated the
value of data for some of the tests.

The results of these tests are not considered ¢o be necessarily representa-
tive of the crash protective capabilities of the seats. It would be most
unfair to conclude that the design would not perform as intended. Each of
the concepts hass some desirable features. The most significant conclusion
resulting from these tests is that they vividly displayed the need for a
better occupant restraint-cushion system. The important design criterion
for a desirable system is that it should be designed primarily for minimum
deflection and not on the basis of strength alone. The restraint harness
for the CH-34 seat was designed for much greater loads than the others and,
therefore, displayed less elongation until the dummy accelerations exceeded
human tolerance levels.

A comprehensive study was made of the tests and the test results. Follow-
ing are brief comments on each of the seat designs and the test results.
The acceleration dat: referred to in these comments can be found in Refer-
ence 22, Conclusions are not significantly different from those presented
in Reference 22. Test Condition II is not discussed. This test was a com~
bination of longitudinal and lateral accelerations. The tests were plagued
with instrument malfunctions, lcad iink failures, and one harness failure,
Very little can be concluded from this test. It was not a conditiom in
which the energy absorbing devices should have operated because of the ab-
sence of vertical locad.

UH~1B SEAT

The maximum dummy acceleratioms for Test Condition I occurred at 0.05 sec-
ond, while the maximum sled and seat accelerations occurred at 0.03 second.
This agrees with the photographs, which show the dummy "sitting in space’
until the restraining harnesses become taut. The faired value is about 23g
for the dummy vertical accleration, so that the mignification factor is 2.3
(23+10). The indicated low (25g, maximum faireZ value) longitudinal dummy
Tesponse is attributed to "an apparent instrumentation malfunction' (Refer-
ence 22, page 35). However, there is no more reason to suspect the validity
of this record than there is any of the other records on the dummy.
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In Test Condition III, the UH-1B seat experienced a premature failure at
approximately 0.04 second. After a careful study of the sequence of photo-
graphs and an inspection of the falled seat, it was concluded that the fail-
ure was due to faulty hardware. A nut became disengaged from a bolt attach-
ment at the apex of the triangular support. The failure of the nut precip~
itated subsequent fallures that led to the destruction of the seat. The nut
was recovered from inside the tubular structure and subjected to hardness
tests. There were indications that this nut had strength equivalent to only
approximately 50 percent of the specification value. Checks of other nuts
of the same series used on the seat indicated sufficient strength.

Because of the loss of the structural integrity of the seat, the acceler~
ometer data are not considered to be exemplary of the seat as an entity,
but more likely representative of the failure structure,

UNIVERSAL SEAT

The accelerometer records for Test Condition I are very oscillatory in
nature, except for the sled, with the seat accelerometer tracing indicating
nonlinear vibration. This rather erratic response may be caused by the
behavior of the dummy. The dummy quickly assumed a position on the farward
part of the seat pan, and later a part of the shoulder restraint system '
failed.

The apparent amplification factor for the dummy in the verti.al direction
was 2.9 (32#11), while the longitudinal was 1.} (31:28), all computed from
faired values of the traces. According to the test report, Reference 22,
page 52, the seat belt load link on the right side failed at 0.09 second.

In Test Condition III, the seat started moving upward and forward parallel
to the floor mounting rails almost immedjately after firing.

The photographs and the seat accelerations indicate that the seat was
completely airborne at 0.05 second and received no further acceleration from
the sled. As the seat moved upward and forward along the floor mounting
rail, the energy absorber functioned. This was the cniy energy absorber
that functioned in this series of tests. This failure pointed out rather
conclusively the need for a positive locking device for the seat to the
track. The sled velocity change at this time was 1.75g-sec, which ylelds
about 35g average acceleration. At the 28-degree orieatation of the seat,
the horizontal component is 16.4g. The peak value during this same time
period was approximately 56g at the apex of the wave form. This yields a
vertical component of 26.3g on the- seat. In view of these facts, there is
not much reagson to assume that the seat experienced anything over 20g for
any longer than instantaneously.

CH-34 SEAT
The vertical as well as the longitudinal accelerations of the dummy for Test

Condition I seemed incredible. These records indicate magnification by a
factor greater than two. The motion pictures and still photographs do not
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/ .
seem to corroborate the situation just debcribed. They show that the
restraint system held the dummy very well during this test and that the
system is not nesrly as softly sprung as/the accelerometer records indicate.

There is no doubt that this restraint system was best in performance, yet
the accelerometer records for the dummy show large peak values. These
traces for longitudinal and vertical response of the dummy indicate non-
linearity. The vertical amplification factor based on the peak value for
the dummy is 6 (60:10), while:it is 3.5 (35:10) for the peak faired value.
The "spiked", a large amplitude, initial pulse resembles a parabolic cusp
except that it is not pointed,but has a rounded top It can be approxi~
matel with a triangle. The RM§ value for a triangle is l|/3 times the peak
values and, applied to this particular case, yieldd an amplification factor
of 3.46 (60:10/3), which is close to the faired value. The longitudinal
amplification factor for the dummy is 3.8 (95i25) flor the maximum peak
faired value. Again, the large amplitude, initial ppike lends itself to
approximation by a triangle and :the amplification factor is 2.2 (95:25v3)
for this RMS value; this is to be compared to the faired value of 2.08.

The RMS value of the dummy vertical acceleration as used above is 34.6g
considered to be applied over a Q.05-second time interval, and the longitu-
dinal value is 55g RMS at an cffdctive time of 0.02 second. Both of these
are "borderline" and probably exceed the limits of human tolerance., Loca-
tion of these points on Figure 17, page 74, and Figure 2, page 58, respec-
tively, of Reference 1l places them in the area labeled "area of moderate
injury”. .

I
In Test Condition III, the CH-34 zeat again exhibited high peak accelarations
on the dummy. There were no structural failures. Loads great enough to
shear the safety pins and actuate the energy absorbing strut were not at-
tained. Friction between the movable track and the fixed support was ne-
glected in the design calculation of the force necessary to shear the pins

and thus to actuate the energy strut. This friction can be quite high,. and "_

undoubtedly its omission in the design analysis accounted for the failure -~
of the energy absorber to function in the dynamic tests. The track compo-

nents are fabricated of 7075-T6é aluminum alloy, and the sliding surfaces

did not receive any friction reducing treatment. They were coated with zinc
chromate, and the resulting friction coefficient was very high.

CH-47 SEAT

As noted in Table I, this seat was not designed for combined vertical and
longitudinal accelerations. However, it received the same test accelera-
tions as the other seat designs, which does seem more realistic. As in all
three test conditions, failure of the chest protector and cther restraint
components caused the dummy to leave the seat immediately after the sled
began to move. In this design, the chest protector is a part of the re-
straint system. Also, the test report, Reference 22, page 91, states that
the seat-belt-to-seat-pan attachment on the right side failed,

The photographs show that the dummy left the seat at 0.093 second and that
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the shoulder harness failed at approximately 0.106 second. Accelerations
oi the dummy will not be discussed because they are nqt significant on
account of the reastraint system failures.

The shoulder harness failed in Test Conditicn II, and the dummy jackknifed
over the lap bel:, Failure of the shoulder harness was at a point where
the web strap r.. ed over the rollers in the harness adjust fitting.

Regtraint system failure agein occurred in Test Condition III. The shoulder
harness failed, and the seat belt fittings pulled out at the attachment to
the seat. There was evidence of some energy absorber action. However, this
is not significant. It was considered to nhave been caused by eccen:ric
loads due te the cummy's leaving the seat.

DESIGN EVALUATION

The primary obiective of the four seat designs was to provide an aruored
seat rhat would keep the occupant from experiencing accelerations, in the
event of a crash that exceeded accepted human tolerance levels. Different
approaches and concepts were used for each of the designs. All are results
of unique ingenuity and considerable analysis and design effort in cheir
development. The four seats were designed for approximately the same, but
not identical, criteria. Variations existed in magnitude of load factors
and also in the manner in which load factors were combined. Each set
utilized different concepts of basic design and crash load mitigation de-
vices. The series of tests were essentially the same for each of the seats.

MW e

- None of the four seats tested fulfilled all of the design objectives. The
energy absorption devices functioned in the ictended manner on only one of
the seats in one test. This does not indicate that they would not have
werked had they been loaded differently. It is concluded that with the ex-
ception of the CH-34 seat, they would have worked in the intended nanner if
the restraint system had held the dummy in the proper position in the seat.
Excessive elorgation in the system allowed the dummy to assime a position
well forward and did not load the seat and therefore the .energy absorber in
a manner for which it was designed.

iIt is believed that the eneigy absorbing device in the CH-34 seat would not
_have functioned under the design loads. The actual friction loads, as de~-
ternined by unalysis, are of such magnitude as to preclude satisfactory
‘operation of the energy absorber. The manufacturer's design analysis did
not include the effects of friction. The restraint system on this seat was
designed for much higher loads than the others and therefore resulted in
somewhat less elongation.

Although none of the designs fulfilled the design objectives, each had good
design features, and much useful information was gained from the desizn
effort and the dynamic tests. One of the most significant conclusions was
that an occupant restraint-cushion system must be developed as a companion
to the development of a crash load mitigation seat. Deficilencies in the
restraint gystems and their effect during the tests prevented a good

i
.-
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evaluation cof the crashworthy properties of the seats.

Following are ccomments on each of the designs.
parison.

Li-1R

The design concept utilizing tubing and sheet metal type con-
struction is consideraed to be efficient, easy to fabricate
and probably lowest in cost.

The ccmplete unit design councept allows easy adaptation to
other aircraf:,

The energy absorbing device is a cable-sheave type and should
demcnstrate ideal load limit characteristics.

The energy absorber is unidirectional.

Sliding friction is present during seat movement. It was
evaluated aad accounted for in the design, but the magnitude
of the friction used was too low.

Meane of vertical adjustment are not provided.
Rest aint system allows excessive elongation.

The single-strap type inertia reel location on the support
structure contributes to the excessive elongation in the
shoulder harness.

The single-lever, quick-release buckle on the restraint
harness allows rapid postcrash egress.

The cushion is considered to be tco thick. It allows rela-
tive velocity between the occupant and the seat and results
in excessive accelerations on the occupant.

The design and placement of a2rmor allows the occupant more
freedom of movement for control of the aircraft and more
comfort while doing so. Seat bottom and back armor was
placed on the seat. Protective armor for other directions
was to be on the aircraft structure.

Seat bucket armor in the geat bottom consists of two pileces
that can be easily replaced or removed by removal of two
screws. In the seat back, there are nine separate pieces.
Complete removal of this armor requires the removael of 24
gcrews. While the number of screws to be removed for complete
removal of the armor is a disadvantage, the separate pieces
offer the advantage of separate replac:ment of only those that
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are damaged.

UNIVERSAL SEAT

The stiffened sheet metal, integral armor 1s relatively
simple and easy to fabricate.

The complete unit design concept allows easy adaptation to
other aircraft.

The energy absorbing device is a VanZelm metal bending type.
The energy absorbing device is bidirectional.

Friction 1s adequately accounted for and reduced by the use
of rollers for fore and aft loads. 8liding friction is pre-
sent for side loads.

The restraint system allows excessive elongation,

Fore and aft and vertical seat adjustment is provided;
vertical adjustment is at the expense of reducing the energy
absorption stroke.

The placement of the armor affords good protection and allows
relative freedom of movement.

A ballistic hit in the seat bucket arwmor requires the removal
and replacement of many screws for replacement of the damaged
piece, since the armor is integrated as structural material.

The seat is designed specifically for the CH-34 aircraft. It
depends on a bulkhead or the equivalent for support. It is
not readily adaptable to other aircraft.

The structure is simple, rugged and efficient.

The energy absorbing device utilizes crushing of honeycomb
material to be loaded after a shear pin fails at a pre-
determined load.

The energy absorber is unidirectional.

Sliding friction is present between two zinc chromate primed

alumin m surfaces. The magnitude of frictional loads is such
as to preclude operation of the energy absorber, as intended.
Friction was not accounted for in the analysis.

The restraint system possesses high strength and relatively
low elongation.
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The buckle termination of the harness requires the build-up
of four thicknesses of steel harness terminating on a single
pin and then the insertion of a locking pin. This would tend
to prevent rapid egress,

One piece of zrmor held in place by four hexagon head bolrs is
used in both the seat bottom and back. While this makes the
armor easily removable, it requires replacement of the complete
panels in case of ballistic damage.

The design concept utilizes molded ceramic armor materials for
protection and structure., This seems to offer no outstanding
advantage except good ballistic protection by placing the armor
in close proximity to the seat occupant.

An inertia reel and strap from the top of the seat back to air-
craft structurz are used to restrain the seat. This 1s con-
sidered to be objectionable in that it requires a bulkhead or
gome other struc:ure behind the seat for strap attachment.

Energy absorption is accomplished by crushing three rows of
blocks of Trussgrid material.

Energy absorption capability is unidirectional.

The seat and cushion are comfortable.
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TABLE I1I
WELIGHT COMPARISON OF SEAT DESIGNS (POUNDS)

Mowvable Part

Restraint
Cushion Total
Seat System & Movable Complete
Design Structure Armor Misc. Part Support Seat
UH-1B 30.6 71.8 4.9 6) 107.3 35.0 142.3(f
197.1 ¥
Universal  74.7 w1 ® (W 118.8 42.0 160.8
CH-34 43.9  107.0 18.3 169.2 30.3 8 200.0 ()
CH=47 16.5 cb 109.1 15.5 140.6 18.1 158.7
(1) Cushion only ~ restraint system included in structure.

(2)
3
(4)
(5

(6)
(7

Includes 50 percent of 109.5 pounds of armor protection located on the
aircraft.

Removable armor only. Includes shoulder, front torso and side armor.
Seat bottom and back armor used as structure and is included in weight
of structure.

Iucluded in structure.

Seat designed for installation in CH-34 aircraft. 30.8 pounds repre-
sent 50 percent of the modification weight necessary for imstallation.
Includes modification weight noted in (5).

Armor was extensively used as structure - other structural weight is
negligible.
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DESIGN CRITERIA FOR IMPROVED CREW SEAT

The primary objective of a crashworthy seat design is to keep the occupant
from experiencing accelerations, in the event of a crash, that exceed human
tolerance levels. This must be accomplished by restraining the occupant in
a seat employing crash mitigation properties and possessing sufficient
strength in the tie~-down chain to restrain the occupants up to a point at
which survivable impact conditions no longer exist.

Originally, the specified design load criteria required load attenuation in
the vertical direction only to limit the loads on the occupant to 20%5g in
the vertical direction. The geat was also required to have sufficient
strength in the longitudinal and lateral directions to withstand a static
ultimate load factor of *45g. A preliminary design of a seat meeting these
basic requirements was made. 1t was quite heavy and was not considered to
be the optimum seat for crash survival because of its having load attenua-
tion capabilities in only the vertical direction.

A modification to the contract revised the design requirements to include
load attenuation capabilities in the vertical, longitudinal, and lateral di-
rections and significantly reduced the design load criteria. These new de-
sign requirements are as outlined in a report by Aviation Safety Engineering
and Research, Reference 19, entitled '"Proposed Military Standard for Im-
proved (rew/Passenger Survival Seats and Body Retention Systems". It is

the result of a program of research and investigation by AvSER under con-
tract with the U.S. Army.

The requirements of Reference 19, as revised by discussions with USAAVLABS
and AVSER personnel, were made applicable to this development program by
contract modification. These and other requirements are summarized in this
gsection. The energy absorbing system is to be tailored such that it will
function, so far as practical, throughout an occupant weight range from 5th
percentile to 95th percentile man, with and without armor, without exceed-
ing the deceleration limits. The seat design shall include provisions for
airframe installation in the UH-1B aircraft,.

LONGITUDINAL STRENGTH AND DEFORMATION CHARACTERISTICS

The initial seat collapse strength under longitudinal loading shall exceed
22g, but shall not exceed 35g. In addition to meeting the requirements for
initial collapse load, seats shall he designed to maintain load after initial
collapse occurs. The seat shall te so designed and constructed that its

load deflection curve carries into the shaded region above curve B of Figure
9 without first falling below the base curve, A.

VERTICAL STRENGTH AND DEFORMATION CHARACTERISTICS

The seat shall exhibit vertical static strength such that iritial vertical
collapse occurs under vertical loading of 17:2g based on an effective occu-
pant weight of 160 pounds (80 percent of total weight of 200-pound cc:cupant).
The seat must be capable of vertical deformation of 6 inches while maintain-
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ing a vertical load of 17#2g. A vertical deformation of 12 inches was re-
quired by the basic contract. AvSER recommends that 6 inches be a minimum,
and more is highly desirable.

LATERAL STRENGTH AND DEFORMATION CHARACTERISTICS

The seat shall exhibit lateral static strength such that initial lateral
collapse occurs under laterzl loading of 4000 pounds and shall have a lat-
eral deformation of not less than 2 inches while maintaining a load of 4000
pounds. Tolerance on the lateral load is *400 pounds,

PROOF TESTING OF SEAT STRUCTURES

The seat will be static tested under longitudinal, vertical, and lateral
loading. These loads will be applied separately at the location of the
center of gravity of the occupant. Requirements for load deflection be-
havior of the seat need only be fulfilled for a fully loaded seat. Deflec-
tion will be measured at the point of load application.

The seat will also be tested under a simultaneous loading consisting of
loads of the following ratios: vertical, 100 percent; longitudinal, 75 per-
cent; and lateral, 50 percent.

PROOF TESTING OF SEAT ATTACHMENTS

Seat-to-structure attachments will not fail under loading conditions equiv-
alent to simultaneous application of maximum forward and lateral loads,

OCCUPANT RESTRAINT SYSTEM

The restraint system for rotary-wing forward-facing crew and passenger seats
shall include a lap belt, a dual strap shoulder harness, and a lap belt tie-
down strap. The restraint system will, in all cases, provide alignment and
support of the occupant throughout a survivable crash situation. Loss of
support will not occur due to stroking of seat energy absorbers and/or plas-
tic deformation of the seat. The minimum design loads and dimensional re-
quirements for all restraint system components are as listed in Table 1V.
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TABLE IV

RESTRAINT SYSTEM DESIGN LOADS AND DIMENSIONS

Minimum Ultimate Minimum Minimum

Design Load (1) Width Thickness
(ab.) (in.) (in.)
Lap Belt Strap 5000(2) 3.0 0.15
Shoulder Harness Strap 3600¢(3) 2.0 0.10
Lap Belt Tie-Down Strap 2200 1.75 0.10

(1) Maximum elongation of all strap componeunts including terminal hard-
ware shall not exceed 10 percent of the original length of the strap
when loaded to these design loads for a period of 2 seconds.

(2) Lloop strength.

W alll i s

(3) Total harness load.

The occupant restraint system must also meet the following requirements:

et UL

8 Quick release hardware allowing a one-point release of all re-
straint will be provided.

o Hardware components in all restraint release mechanisms will
carry the design loads listed in Table IV without permanent
deformation.

o Belts, harnesses, or straps shall be attached to the seat and/or
basic aircraft structure in such a manner as to preclude pre-
mature failure due to stress concentrations because of misalign-
ment of components during any pessible seat deflection and/or
body orientation during the crash sequence.

o The lap belt shall pass gver the pelvic region of the occupant
at an angle of 45° to 55° measured from the plane of the surface
of the seat pan.

® The shoulder harness shall pass over the shoulders at an angle
of 0° to 30° above a perpendicular to the spine.

e Load distributing pads shall be used to separate hardware com-
ponentg from direct contact with the occupant in locations where
acceleration 1oads will lead to high contract pressures.

o No castings will be used in load-carrying elements of the re-

straint cystem. All hardware shall be fabricated from materials
having an ultimate elongation of 10 percent or more.
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® Inertia reels shall be capable of withstanding the full shoulder
harness load of 3600 pounds.

SEAT CUSHIONS

Seat cushions will be provided for all seats in which the absence of such
cushions would allow contact of the occupant with injurious components dur-
ing deformation of the seat. Seat cushions should provide maximum comfort
coumpatible with occupant protection requirements. Crew seats will be form
fitting to insure maximum comfort. A maximum of 1.5 inches of flexible
foam shall be used in the comfort pad or top layer of the cushion. The
lower portions of the seat cushion will be fabricated from permanently de-

forming energy absorbing material. This material shall crush under a total
load of 2000 to 3000 pounds. i

SEAT ATTACHMENTS

Attachment of the seat to the basic aircraft structure shall have sufficient
strength to preclude failure under the maximum lcads as specified above. 1In
addition, attachments shall be made in such a manner that crew members are

provided with obvious warning whenever seats are not positively locked in
place.

SEAT ADJUSTMENT

The seat shall have an adjustment of 5 inches vertically and 10 inches
horizontally,

BALLISTIC PROTECTION

The seat shall be armored to provide 100-percent protection of the trunk-
torso portion of a 95th percentile occupant against 7.62mm APM-61 ammunition
fired at 100 yards range impacting at 15° obliquity. The armor shall not be
integrated as structure.
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DESIGN STUDY

The design criteria discussed in the previous section combine more necessary
and desirable features for an armored crashworthy aircrew seat than have
been used for any known seat design effort. Some of the requirements are
opposing. The wide range of weight configurations from a 5th percentile man
without armor to a 95th percentile man with armor under which the energy
absorbing devices must function to limit the loads on the occupant to vary-
ing values in three different directions makes the problem quite complex.
The design problem is further complicated by the required and necessary
height and the fore and aft position adjustment capabilities. The ever-
present general problem of obtaining the necessary clearances relative to
other items in the aircraft influenced the movement for energy absorption
and the placement of the armor. In addition to the specific requirements

ac stated, it was necessary to design for minimum weight and ease of fabri-
cation at low weight. The final design presented herein will meet all of
these requirements.

The primary objective of thig design effort was to develop a seat that
would limit the loads on the occupant in the event of a crash to values
within human tolerances. Most of the design effort was directed at this
problem. Many compromises had to be made in establishing the basic concept.
Many concepts investigated yielded excellent results and capabilities for
loads in one direction, but were wholly inadequate for loads in the other
direction because of interaction between the loads and energy absorbing
systems.

Therefore, two basic and interrelated problem areas were paramount. What
basic energy absorbing concept should be used and what type of energy ab-
sorbing device would best fulfill the requirements? The improved design
could constitute a new design or be a comwpilation of one or more of the pre-
vious designs that were evaluated. Each of the four designs had some good
features, but none would meet the specified requirements. The UH-1B,
Universal, and CH-34 seats used the same basic concept of utilizing a sup-
port for the seat bucket., The bucket moved relative to the support for
energy absorption stroke. The CH-47 design was different im that it
utilized the energy absorbing device for the support. A comprehensive dis-
cussion of the tests is included in the section entitled “Dynamic Tests™.

Many concepts to accomplish the objectives were considered and investigated
to varying degrees. The concept that most conceptual designers think of
first consists of a basic structure that will sustain loads up to a speci-
fied magnitude and then deform in a controlled manner over a long distance
to limit the loads on the occupant. This type of structure is idealistic
but was investigated extensively. From the initial conceptual studies, it
was concluded that a concept utilizing the deformation of the basic structure
for energy absorption was impractical for a seat that must offer crash pro-~
tection for a wide variation of weights for the required range of seat-
occupant-armor configurations. The concept could undoubtedly be developed
for a specific load input for one occupant and welght configuration. How-
ever, this would not fulfill the requirements for a practical seat for use
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in an aircraft wherein more variables and special features must be consid-
ered.

After much preliminary study, analysis, and evaluation of design concepts
relative to requirements, it was concluded that the optimum seat should be
based on the following:

e The seat to be supported from the floor of the aircraft.

¢ Energy absorption devices to be located between the seat
bucket and the support frame for vertical and lateral
stroke and between the support and floor for forward stroke.

e This support structure to have sufficient strength to with-
stand all design loads without failure or deformation that
would adversely affect the stroke travel or load capability
of the energy absorbing mechanisms.

¢ Assume the occupant, seat bucket, and armor to act as a
single mass for energy absorption analysis. Therefore, the
restraint-cushion system must maintain the occupant in a
fixed position under load.

The final design is based on these basic items. In this design, a framework
of steel tubes supports the seat bucket. Tubular construction is considered
to be the most efficient for this application. The tubes can be used for
tracks on which the bucket can slide for the energy absorbing stroke. The
bucket is allowed to move relative to the support in the vertical and lat-
eral directions. The complete seat including the support moves forward
relative to the aircraft floor for the forward energy absorbing stroke. A
variation of the concept was investigated in which the seat was allowed to
rotate forward for the energy absorbing stroke in the forward direction.
This appeared feasible because the load limiting requirements in this
direction range from 22g to 358, and it was believed that a single energy
absorber in the aft support tubes would limit forward loads within the
specified range for the various weight configurations. Problems were en-
countered with the effects of stability and deflection of the support sys-
tem for lateral and vertical movement when the forward energy absorber was
actuated.

The parallel slides on which the seat bucket must move in the lateral and
vertical directions would rack and negate movement in these directionms.
Designs that would eliminate this problem added more weight to the geat than
the present design, in which the entire support remaing intact.

DESCRIPTION OF IMPROVED AIRCREW SEAT

The design consists of a tubular steel structure which supports a seat
bucket fabricated of aluminum alloy sheet. The support is made up of two
triangular frames interconnected by cross members at each apex and by diag-
onal braces in the plane of the aft members. [t was necessary to place the
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entire support Jtructure aft of the seat bucket to allow sufficient clear-
ance for lateral movement in the armored configuration and for vertical
movement for ttre energy absorbing stroke. The seat bucket is supported on
two cross members between the forward vertical tubes of the support. Fit-
tings at the end of the cross tubes allow the seat to slide vertically on
the vertical support tubes for the energy absorbing stroke. The seat slides
on the cross tubes for the lateral energy absorbing stroke. Vertical ad-
justment of 5 inches is accomplished by a linear electrical actuator with
the bucket moving on tracks attached to the support cross tube.

The seat bucket is designed to react the maximum loads from the harness,
ag shown in Table IV, and to transmit these loads to the support structure.
The restraint harness consists of a lap belt, a crotch strap, and a shoul-
der harness, all terminating at a single point where the operation of a
single lever releages all straps simultaneously. 1In an effort to reduce
the lengths of the shoulder straps and, therefore, the total elongation of
the system, the inertia reel is mounted on the top of the seat back. The
seat bottom and back are curved, and thin comfort cushions as provided.

The complete sest, including the support structure, is adjusted fore and aft
by movement along two floor-mounted tracks the same as presently in the
UH-1B aircraft. Adjustment is positioned and locked by pins on the seat
being engaged in holes in each of the tracks. For energy absorbing stroke
in the forward direction, the seat moves on rollers. A forward roller on
either side engages the floor tracks. An aft roller on each side engages

a sgeparate track that is locked to the floor tracks by the positioning pins.

Energy absorption is accomplished by a Hayes-developed device by bending
steel rods around rollers in a controlled manner. Stroke distances of 7 to
12 inches are provided in the vertical direction, depending on adjusted
height of the seat bucket, 2 inches in either direction laterally and 5.6
inches forward.

Ceramic-fiber glass composite armor developed by Cincinnati Testing Labora-
tories (CTL), Space and Technology Division of the Studebaker Corporation,
Cincinnati, Ohio, is used for ballistic protection. A shell fabricated of
flat panels surrounds the seat bucket to provide protection for the torso
of a 95th percentile sccupant. The armor shell is attached at the same
points used to attach the seat bucket to the support and moves with the
bucket when adjusted or in energy absorber stroke. The armor is not used
as structure. Therefore, the seat can be used either with or without armor.

Y'igure 10 is a sketch of the complete seat without armor. Other sections of
this report discuss the energy absorbers, ballistic protection, and re-
st~aint-zushion system in more detail.

ENERGY ABSORPTION

The seat, as the occupant's sugporting structure, and the underlying floor
structure are the media through which forces are transmitted to the occu-
pant. The dynamic response cf these media during an impact determines the
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Figure 10, Hayes Aircrew Crash Survival Seat (Armor is
Omitted).
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manner in which the forces acting on the aircraft structure can be modified
before reaching the occupant. An extremely rigid structure would transmit
the forces without modification, An elastic structure, which has energy
storing properties, may modify the magnitude and ovther characteristics of
decelerative force to the extent that amplification takes place. A more
desirable situation is that in which the structure has high energy absorb-
ing characteristics. This ideal form of crash energy absorption results in
attenuation of the crash forces transmitted to the occupant.

0f prime concern in impact decelerative loads is the possibility of re-
celving overshoot g-loading on various parts of the body. This may be
caused by application of a force to the seat at a high onset rate which ex-
cites the resonant frequency of the seat cushion. Since the human body is
a series of spring~mass systems, the seat cushilon acts as an additional
spring connection between the body and the seat. Excitation of the cushion
spring resonant frequency causes an acceleration overshoot on part or all
of the second spring-mass system - the occupant. This will result in what
is referred to as a "jolt" load wherety "bottoming out'" occurs before the
impact velocity has been dissipated.

In designing an energy absorbing crash gurvival seat to attenuate deceler-
ative forces, it is necessary to dissipate the kinetic energy at impact,
K.E. = ymvz. This can be accomplished best by controlling the seat stop-
ping distance and time during which a design force will act. The efficiency
of an energy absorber may be exyressed as the ratio of energy dissipated to
the initial energy to the system. Energy absorbed is equal to the area
under the load-deflection curve, and it is readily recognized that a rectan-
gular shaped load-deflection curve results in the least seat load and de-
flection in the case where all energy is dissipated. An elastic systenm,
such as a mechanical spring, merely stores the kinetic energy, only to re-
turn it to the seat with the likelihood of force magnification, The spring
load~deflection curves appears as a triangular shape, and it is necessary

to increase seat load or deflection for storing the kinetic erergy. A
practical energy absorber will fall somewhere between the two curves. repre-
senting the elastic and complete plastic systems. These principles are
demonstrated in Figure 11.

A Spring

o — e e e

— Force
N\\

Perfectly Plastic

—
Deflection —»

Figure 11. “fypical Energy Absorbing Characteristics.
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The major variables of impact energy dissipation are velocity and stopping
distance, and the quantities to be determined as far as man is concerned are
maximum deceleration, duration, and onset rate of deceleration.

An efficient energy absorber must generate a constant force that is uni-
form throughout the entire stroke and independent of velocity, It should be
capable of being installed for indefinite periods in any aircraft environ-
ment without having its energy absorption chracteristics affected and with
no maintenance required.

The total energy that can be absorbed by an energy absorber at a constant
load is a direct function of the length of the stroke available. A greater
stroke distance will offer better protection for the occupant. In an air-
craft, and especially the Uh-1 helicopter, the gpace for available travel
is obviously limited. Vertical stroke travel had to be limited to that
above the floor line. Control mechanism and other svstems under the UH-1
floor prevented the utilization of additional travel below the floor.
Lateral travel is limited by the alrcraft structure on the outboard side of
both seats, by the cyclic control on the left side of both seats, and by
the center control pedestal on the inboard side of the left seat, In the
Hayes seat design, provisions are made for energy absorbing stroke travel of
5.6 inches forward, 2 inches in either direction laterally, and 7% to l2%
inches vertically, depending on the height adjustment position. The out-
board lateral movement is slightly reduced in the armored configuration,

Many types of energy absorbing devices were considered in the determination
of the basic sezt concept and for use in the specific concept as used in
the final design. These included the devices used on the four seats that
were evaluated as previously Jiscussed. Others considered were hydraulic,
pneumatic, springs, frangible tubing, expanding tubing, fabric occupant
support, and various ways of metal bending. A rather unique device that
absorbs energy by the cyclic bending of wire rings or torus rolling between
two cylinders was investigated extensively.

It is a proprietary item of Aerospace Research Assoclates, Inc., (ARA), West
Covina, California, with a pateat pending.

Since this device is in tubular form and since tubes can be used on effi-
cient seat support structure, it was investigated for use in a deforming
structure concept as well as a separate energy absorber. The device is
highly efficient but is fabricated of thin wall tubing. 1In all configura-
tions using tubing efficiently, the tubes were loaded in bending as well as
axially, and the thin tubing neceassary for energy absorbing action did not
have sufficient strength for the combined loading. The device can be used
in the present seat configuration but is considerably more expensive than
the energy absorber used.

These factors were evaluated:

e Energy absorption characteristics
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e Efficiency

e Consistency of load vs deflection
. ize and space requirements
e Weight

e Maintenance requirements

e Adjustable load capability
e Availability

e Cost

e Simplicity

e Predictability

e Reliability

Configurations investigated utilizing crushing of material such as honey-
comb and similar materials showed disadvantages in space limitations for
energy absorbing stroke and seat adjustments, Hydraulic and pneumatic
systems were investigated primarily because they are capable of being made
adjustable for various loadings. They were eliminated for several reasons: :
they require considerable development work, they require perijodic mainte- *
nance in service, their cost is relatively high, and they are heavier. .
Springs with locking devices to prevent the release of the stored energy H
were also eliminated because of weight and large size.

Considerable interest has been shown in fabric seats because of the comfort
features they offer for the occupant. A seat bottom of fabric can be de-
signed that will be an effective energy absorber. However, it would meet
the vertical load requirements for an occupant in only a single weight cat-
egory. Fabric seats were eliminated from consideration primarily because
of the loosening of the occupant restraint when they are deflected for
energy absorption.

Controlled metal bending appears to offer more advantages than other devices
considered. A new device in which energy is absorbed by the controlled
bend:ng of wire was developed and tested by Hayes and is used in the sest
degigr . It has several advantages: it is simple; load-deflection curve
approaches the ideal; it is highly predictable; friction is greatly reduced;
no maintenance is required; lightweight, energy absorbing elements can be
changed tc accommodate various welght configurations; and the cost is low.

¥igure 12 45 a sketch of the energy absorber used for the vertical direc~

tion. It congists of eight elements as shown and is adjustable for four
different occupant-armor configurations in order to limit the vertical load

k1.
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/
Direction of

Fixed Support Motion

Rod Energy Absorbing
Element

Seat Bucket
Structure

Figure 12, Bending Rod Energy Absorber,
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on the occupant to l7g. The energy absorber in the lateral direction is
similar but is not adjustable. The rod energy absorbing elements in the
forward direction are also similar, except that they bend and rebend around
two rollers for additional load capability. They are not adjustable. The
elements can be replaced to use a different element for seat configurations
with and without armor.

Appendix II contains a detailed discussion and analysis of the energy ab-
sorbing device.

RESTRAINT-CUSHION SYSTEM

Maximum protection against crashes and other abrupt decelerations can be
achieved by providing complete body support and restraint. The proper re-
straint system has three functions to perform: it must be comfortable under
normal conditfions, it must fully restrain its occupant under the highest
expected g-loading, and it pust attenuate rather than magnify accelerations
which are imposed by a vehicle upon its occupant(s).

Restraint comfort is mainly a function of position and pressure loading, and
it is most efficiently accomplished by "cut and try" development once the
optimum dynamic characteristics have been calculated and verified.

Acceleration transmission is a function of the resiliency between the ve-
hicle's structure and the occupant, their nonlinearities, and whether or

not they "bottom out". This resiliency is due to cushions {or net support),
restraint harness, flexibilities between the seat pan and the "rigid"
structure, and any means by which energy might be dissipated.

Without the addition of any intervening energy attenuator, impact energy is
transmitted directly through the rigid seat structure to the seat pan and
then applied to the occupant. The g-time profiie actually experienced by
the occupant is influenced by the dynamic response of the occupant-restraint
system to the basic forcing function. Using the dynamic response factor, it
may be shown that a greater degree of restraint on the occupant results in
smaller inertia loads being transm’tted,

The development of an optimum restraint-cushion system was not a primary
objective of this effort. However, a system was designed that will meet
most of the requirements as listed in the design criteria section. The
restraint harness consists of a lap belt, a shoulder harness, and a crotch
strap. All terminate in a single point where the actuation of a single
lever will release all straps simultaneously. The harness is fabricated of
dacron fabric meeting requiremenrs of MIL-W-25361(USAF). 1In order to re-
duce elongation, two thicknesses were necessary for each stage. One com-
promise in the harness design was necessary. It was considered necessary
to use a dual inertia reel for the shoulder harness mounted at the top of
the geat back. Only one reel was found to be available that was suitzble
for this application. Pacific Scientific Company submitted a propcsed mod-
ification to one of their existing reels to make it adaptable to the seat
configuration. However, it is deasigned to use straps 1.75 inches wide
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instead of 2.0 inches wide, as presented in the AVSER recommendations.

Thick seat and back cushions are highly desirable from a comfort standpoinc.
However, it was concluded that their use would allow the occupant to have

a velocity relative to the seat that would cause him to "bottom out" against
the seat bucket and induce high peak decelerations into the occupant. This
restraint would also become loose and allow additional movement relative to
a desired fixed position. Therefore, the cushion used consists of thin
confort pads of polyurethane over the formed surfaces of the seat bottom

and back.

BALLISTIC PROTECTION

Protection from ballistic attack is a problem of concern in any design that
is to be used under combat conditions, but the problem is compounded jn the
case of aircraft by reason of stringent weight limitations, by severe space
limitation, and by reason of the catastrophic and immediate effects which
may ensue as a result of even relatively minor injuries.

Weight and space limitations dictate that means for crew protection be
limited in expanse and thickness to the minimum. On the other hand, the
potentially disastrous results of injurr to (particularly) the pilot mili~
tate against any compromise in the degree of protection to be afforded.
Approaches to resolve these somewhat contradictory requirements include:
searching out materials which have high rates of ballistic resistance to
weight, protective efficiency by proper placement and shaping of materials,
and an assessment of the degree of protection offered by already existing
aircraft structure or auxiliary components.

Several materials and types of armor, including steel, dual hardness steel,
aluminum, titanium and hard-faced ceramic composites, were considered.

Based on considerations of all factors involved, of which areal density,
thickness, fabrication, and installation problems were of prime importance,
it was concluded that ceramic composites were the optimum materials for this
application. A ceramic-fiber glass material recently developed with an
areal density of less than other armor materials was considered for this
application.

Ballistic protection is provided for the occupant's torso. 1t consists of a
removable shell around the seat. Several flat panels for the back sides,
bottom, etc., are assembled to form the shell, which is supported at the
points where the seat bucket attaches to its support structure. The armor
is not used as structure., It is assumed that the occupant will wear a pro-
tective vest. Weight of this item is accounted for in the design analysis.

Details of the armor ma*erials construction and ballistic protective capa-
bility are classified and are not included in this document. This informa-
tion is contained in Reference 1.

INSTALLATION IN UH-1B HELICOPTER

One of the cesign requirements was that the crash seat be compatible with
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and adaptable to the UH-1B aircraft. The Hayes seat can be installed in
the UH-1B and does not compromise any space, control, ingress, and egress
beyond the present armored seat installations. Although the support struc-
ture ig aft of the seat bucket, the structure does mot protrude as far aft
into the cargo area as the present lap belt attachment to the floor (refer-
ence Figure 13).

In order to cbtain compatibility with the UH-1 in an optimum manner that
would require minimum modification to the aircraft structure, the seat was
designed to be installed in a wanner similar to the present seat. The track
spacing, location, and the track section are the same. The tracks are
uounted on top of the floor at BL 14 and BL 30 right hand and left hand.
Other locations would require substantially more reinforcement to the floor
structure, However, a wider rrack spacing would be advantageous for the
seat design and would result in slightly lower loads to the aircraft floor.

The floor modification consists primarily of reinforcling the floor beams at
BL 14 and BL 30, the cross frames between them, and the track attachment to
the beams. Available drawings of the floor structure show several different
versions of the floor structure. All are similar but vary in details. It
w~g impractical and impossible to design installations for all of these
various configurations under this contract effort. Therefore, the design

as developed shows only the basic reinforcements that are necessary. Detail
information for a specific group of aircraft could easily be developed from
th. design information on the drawings. Appendix I contains a structural
analysis of the modification required.
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TABLE V
WEIGHT SUMMARY OF CRASH SEAT

Weight
ltem (1b.)
Bucket 24,80
Support frame (inc.udes the vertical and forward
energy absorption devices) 37.54
Vertical Slide Assembly (includes the lateral
energy absorption devices) 11.51
Vertical Actuator 6.00
Inertia Reel 4.70
Restraint Harness 3.16
Cushions 0.99
Weight of Seat 88.70
Armor
Mounted to Bucket 95,00
Vest Type Chest Armor (GFE) 14.00
Weight of Armor 109,00
Total Seat and Armor Weight 197.70
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CONCLUSIONS

The following conclusions are made based on the study of the four seats and
the design of a new improved seat,

1. Each of the four seat designs tested allowed loads on the
occupant to exceed the design limit and the published human
tolerances,

2. The series cof tests did not adequately test the several con-
cepts of energy absorption.

3. Seats designed to the criteria used for the four seats will
not provide adequate crash protection for the occupant.

4, Restralnt systems meeting current military specifications
as used on the seats investigated are inadequate to re-
strain the occupant in a crash environment.

5. The revised design criteria presented herein and used for
the design of a new improved seat are considered to bte
reasonable.

6., The seat designed under this contract represents an optimum ‘!
approach to meeting all specified requirements.

-

7. Design criteria and the effectiveness of crash and ballistic
protection characteristics can best be determined by fully
testing the new seat.
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RECOMMENDATIONS

O the basis of the foregoing conclusions, the following recommendations
are made.

1. The aircrew crash survival seal designed under this contract
sheculd be completely tested to determine its compatibility
with design requirements, The tests siould include static
and dyvnamic¢ load tests, and ballistic Lests.

2. Further worx should be direcred toward the deveiopment ¢if an
optimum restraint and cushion system,

3. The definition ol a design acceleration spectrum or input
to the seat in a crash envivomment should be further deciined,

4. A mathematical analysis should be made of the dynamics ot
the seat, occupaut, and seal support system to determine the
response to the input acceleration,

3. Consideration should be given tc the development of an armored
crash survival seat design in which the armor is an integral
wart of the structure, This could result in a reduction of
total weight,
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REFERENCE DRAWINGS

Drawing Number litle
201-00001 Seat Assembly
201--00002 Structure Assembly
201-00003 Vertical Support Weldment
201-00006 Fitting, Horizontal Slide, Upper
201-000¢7 Vertical, Attenuator Attach Tube
201~006G08 Horizontal Attenuator Tube
2301-00009 tarriage, Lower
201-00011 Aft Support
201-00012 Rod Assembly
201-90013 Upper Support Tube
201-00016 Fitring, Afc Tube, Lower
201-00019 Pin, Adjust Assembly
201-0n021 Bottom Linkage Assembly
201-0002¢4 Guide - Horizontal Adjust
201-00027 Rod - Herizonral Adjust
201-00029 Fitting, Horizontal Slide, Lower
201-00031 Armor Assembly
201-00032 Bucket Assembly
201-00033 Tube, Actuator Attach, Lower
201-00035 Track, Seat
201--00036 Seat Installation
201-00038 Tube, Crotch Strap Support
201-00039 Clevis, Lap Belt End Fitting
201-00042 Stiffener, Bottom Skin

49

FOR OFFICIAL USE ONLY




FOR OFFICIAL USE ONLY

201-0004 5 Fitting, Lap Belt levig Mvot
201--00047 Support, inertia Ree! Assenbly
201-00051 Arm, I[nertia 2ee) Support
201-00071 Pin, Forward Roller
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APFENDIN b STRESS ANALYSTS

An analysis of the seat loads and load distribution, based on the structural
criteria outlined in the Design Criteria section, and the stress analysis of
major components are presented io this appendix,

LIAD ANALYSIS

The design criteria represent, in static terms, load ard energy abscrber
reguirements for which the seat must be designed to insure that the ocecu-
paul does not sustain loads greater than recognized human tolerances under
dynamic load conditions and that the seat does not fail or become disen-
gaged frem the structure in a survivable crash of a helicopter. These re-
quirements <re summarized in tne following fcur design conditions:

1. A forward load along the longitudinal axis of the helicopter
of not less than 22g and not exceeding 35g (based on forward
attenuation).

z. A vertical load along the vertical axis of the helicopter of
17+2g based on 80 percent of the occupant's weight.

3. A lateral lecad applied parallel to the lateral axis of the
heliconter of 4,000*+400 pounds total.

4. A combined load consisting of loads c¢f the following ratios:
75 peorcent of the forward load, 100 percent of the vertical
load, and 30 percent of the lateral load.

It is required oun the first three conditions stated above that attemnuation
cf the cccupant and seat be provided at the load levels prescribed. The
minimum forward loading is determined by the distance cver which the load
can be atrtenuated as per Figure 9.

The seat is so designed that its forward lcad deflection curve carries into
the shaded regicr above curve B without first falling below the base curve,
A. This is accomplished by providing a forward attenuation over 5.62 inches
which results in a minimum load of 22.5g. Thus, to meet thc range of occu=
pant weight and full and no-armor conditions, the maximum total weigh+ (200-
round occupant, seat, and full armor) is applied to the structure of 22.5g.

P_ = 22.5 (Pilot Wt. + Armor Wt. + Seal wt. + Support
FWD Structure Wt.)

For

Pilot Wt. 200 1b.

it

Armor Wt. 95 1b., + 14 1b. (Vest) = 109 1b.

Seat and Support Structure Wt. = 85 1b.
{(Based on preliminary weights calculations)
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PFWD = 27,5 (200 + 109 + 85) = 22.5(394) = 8,360 1b.

For
Pilot Wt. = 200 1lb.
Armor Wt. = 0
Seat and Support Structure Wt. = 85 1b.

P = 22, 00 + = 22.5(285) = 6,4i0 1b.

FD 5 (200 85) ( ) ,410 1

Therefore, when the armor is used, the maximum ceceleration load that the
135-pound occupant will feel is

g = 8,860/(135 + 109 + 85) = 25.9

A separate set of attenuators is used for the seat without armor. The
total forward load is 6,410 pounds, and the maximum deceleration load that
the 135-pound occupant will teel is

g = 6,410/(135 + 85) = 29.1

An analysis of the restraint system, seat bucket, and harness was attempted
in order to substantiate the requirements set forth in Reference 19. Var-
ious parameters such as occupant size and position, harness strap(s) orien-
tation, and bucket shape were examined in order to obtain the most suitable
restraint system. From this preliminary analysis, the restraint system
presented was concluded to be the most suitable. However, due to the inher~
ent problems associated with reacting loads through a pliable medium such
as the human body, 1t is felt that only tests conducted under the proper
guldance can accurately determine a restraint system load distribution.
Therefore, the complete analysis is not presented herein except as it per-
tains to the load requirements specified in Reference 19.

CONDITION 1 - FORWARD LOAD

For this forward loading condition, the occupant is considered to be com-
pletely restrained by the harness system. Th's loading is denictec .r
Figure 4.

PX = 22,5 (220 + 1l4) = 4,820 1b.
vhere

Weight of occupant = 2C0 1b.

Weight of chest armor = 14 1b.
The harness loads are conservatively assvmed to meet the harness load

requirements specified in Table IV as follows:
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C(crotch strap) = 2,200 1b.
S(shoulder strap) = 3,600 lb. (2 straps)

L{lap belt) = 5,000 1b. (loop)

L—-IZ.z z

Figure l4. Seat, Top Adjustment Position, Condition ].

CONDITION 2 - VERTICAL LOAD

For this vertical loading condition, the occupant is restrained completely
by primary seat structure, the bottom and back, as depicted in Figure 15.

P, 17 [_300(0.80) + 18] = 2,960 1b.
where

80 percent of the occupant's weight is assumed to be reacted by the
seat = 200 x .80 = 160 1b.

IFy = 0

4 o] = [s]
Rz(s‘n 59) Rx (cos 16°)
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Rx = (0.U871/70.961) Rz = 0.0906(RZ)
¥F2= Q

Ry(cos 5%) + Rx (sin 169) = 2,960 1b.

U.996(R7) + 0.276(0.09G6RZ) = 2,960 1b.

7~
(

= 2,960/1.021 = 2,900 1b.

el
it

0.0906(2,900) = 263 1b,

z )lw“’/,\
13.07
11 -—~’1
X

(4—10.252-b
!

lO s™ ‘l
8.4

St
e

Figure 15. Seat, Top Adjust Position, Condition 2,

IO 75"

CONDITION 3 ~ LATERAL LOAD

For the lateral loading condition, it is assumed that the occupant is com-
pletely restrained by the side skin of the seat. This is accomplished by
the occupant's sliding to cne side, approximately 0.9 Inch, until leg con-
tact is made with the side skin. Therefore, in this attitude the cc.upant
bears out in the skin at his leg, hip and rib-cage positions. Ai:y, an
overlapping assumption {s made that 50 percent of the total sil. load is
resisted by the lap belt in tension and the occupant's bearing against the
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FOR OFFICIAL USE ONLY




FOR OFFICIAL USE ONLY

)

verticali post on the dowawiadg sicu,

o

L 127 Pl

~ ‘ 4,000 1lb.

0.707(L)

50 x 4000 (12) = 1,500 15.
i6

L

2,120 1b.

CONDITION 4§ - COMBINED LOADS

For combined loading, the deceleration loads applied to the seat ouccupant
are

Forward load, Px 0.75 X 4810 = 3,610 1b.

Vertical load, PZ 1.00 x 2960 = 2,960 lb.

Lateral load, Py = (.50 x 4,000 = 2,000 1b.

Utilizing the composite seat structure and harness system, these applied
loads are reacted separately in the same manner as their respective in-
dependently applied loads. This is shown in Figure 16 wherein the harness
and seat bucket loads are assumed as follcws:

C=0.75x 2,200 = 1,650 1b.

$ =0.75 x 3,600 = 2,700 1b. (2 straps)
L =0.75x 5,000 = 3,750 1b. (loop)

R,= 2,900 1b.

Rx= 0 1b. (due to forward load)
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7 (up)

(FwD

4,
1.2"

¢ 12.25"

Figure 16. Seat, Top Adjust Position, Conditicn 4,

SUrP0RT_STRUCTURE LOADS

Ti:w support structure, reference Figure 17, is primarily a truss utjlizing
thrin~wall steel tubing tc obtain the best strength-to-weight ratio. Var-
i : members comprising the structure transmit loads by bending action in
a. . .tion to their axial requirements. The support structure basic design
i .cntrolied by the energy absorption strokes, forward, vertical, and
lat.ral, that necessitate certain clearances between the seat and the UH-1B
tie ; .copter interior. This is especially true for the armored seat configur-
at: n such that the lateral attenuation of 2 inches recuires that there be
ne :upport structure along the side of the seat. To provide sufficient
ver'ical attenvation, all seat~to-support structure attszchments are placed
sn the seal back and not along the seat bottom. These considerations thus

nec.ssitate a seat support structure that is located entirely aft of the
sea  bucket.

To «1tain the loads applied to the support structure, the deceleration load
limics are applied at the center of gravity of the occupant, seat and armor.
The sccupant c.g-. is that specified in Reference 17; seat and armor weight
aud -.g. locations were obtained from preliminary weight calculations. For
load corditions involvirg 2 laterally applied load, the occupant is assumed
to .. de laterally until body contact is made with the seat side skin,

app! ximately 0.9 inch (reference page 54),
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90°
160 y J 4.7 i

Occupant_C.G.

0.5 Seat Back

/‘\5\\\\‘ Cushion

11,54

Point

Armor Bottom

! B
Back
i
0.575-in, Defleccted Cushion Vs A
Height L b |
L2
T -¥
w:,_—.
'""-a == H —

(SIDE ARMOR IS OMITTED FOR CLARITY)

Figure 17. Seat Dimensional Dsta.
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TABLE VI
SEAT AND OCCUPANT CENTER-OF-GRAVITY LOCATIONS

Top Adjust Center Adjust
Position Position
Z = 14,125 in. 2 = 16.625 in.
Weight xt z! %! 2!
Item(1) (1b.) fin.) (in.) (in.) (in.)
Seat Bucket(2) 50.0 3.17 5.35 3.17 9.95
Armor{3) 95.0 5.69 8.75 5.69 8.75
Seat Bucket plus Armor 145.0 4.84 8.95 4,84 9.16
(H 5 1 1
Reference Figure 17 for X' and 2% dimensions.
(2)
Includes bucket, actuator and sliding structure for vertical attenua-
tion.
(3)

Does not include chest armor.

A summary of internal loads for the support structure is presented in Table
VII for all four design conditions. The 200-pound occupant weight is used
in the seat top adjustment position, as this 1s the critical design posi-
tion. Table VIII presents the attenuator requirements for each of the

three independent loading condirions for the seat center adjustment position
with the 200-pound and 135-pound occupants. This is done to best accomplish
load attenuation under all adjustment positions utiiizing armor and no-armor
configurations.

All load conditicns except the lateral are critical for the full armor con-

{figuratiorn. Sample calculations are presented for (ondition 1, Ferward
Loading.

Pl = 22,5(200 + 14) = 4,820 1ib.

P, = 22.5(145) = 3,260 1b.
The sliding surfaces are coated with Electrofilm Lubricant No. 66-C.
Assume that a coefficient of friction of y = 0.1 is developed between the
vertical slide fittings and the front support legs and that, for this

= d = .
symmetrical load condition, RUL RUR an RLL RLR
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TABLE VLI
SUMMARY OF SUPPORT 5 TRUCTURE LOADS

Condlition | Condition ;_'(')Cnndltlon 3(2) Condition 4

Scat-Top Adjust - Forward Vertical Latera) Combined Full Fwd,

Position "Loading Loading Loading Loading Full Side
(1b.) (b)) (ib.) {1b.) (1b.)
R 2,747 703 -1,440 2,520 -
Ry 893 -2,197 -1,480 -2,652 -,
R 2,747 703 +1,460 3,430 -
R 893 -2,197 +1,480 -1,208 -
Ryy - - 1,040 688 -
. Ryp - - 960 312 -
A 1,579 6,864 - 6,700 -
R;‘ 483 1,490 - 2,050 -
R; 1,500 4,630 - 6,370 -
R, 2,760 - 330 1,890 2,434 -
R, 877 -1,145 1,031 - 216 -
R, 2,760 - %0 -1,890 1,015 -
R, 877 -1,185 . -1,031 -1,142 -
R" 3,002 + 395 2,272 +3,601 -
R, 3,002 + 395 -2,272 1,906 -
Py 8,386 1,100 6,350 10,060 -
P, 8,386 1,100 -6,350 5,310 -
Pl' -7,820 -1,028 -5,920 -9,390 -
"z' -7,820 -1.028 +5,920 -4,9560 -
P, -8,570 -3,360 -5,022 -12,201 -
P -8,570 -3,340 +5,022 -8,514 -
Pu' .8,934 -3,630 -5,022 -12,875 -
Py -8,934 -3,630 -6,052 -13,259 -13,142
"zz‘ -8,934 -3,630 +5,022 -9,131 .
P, -8,934 -3,630 +6,052 -8,750 -4,728

. nz' : 877 -1,145 1,244 - 119 1,763
R, 877 -1,145 -1,244 -1,238 - 9

i Ryy - - 1,318 730 1,340
Ry, - - 683 269 659
Py 8,386 1,100 6,350 10,060 -
P 8,386 1,100 -11,600 +2,400 -
P, - - 5,900 3,270 -
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TABLE VII (CONTINUED)

Conditton I Condition 2{Dcondition 3¢(2) Condition 4

Seat-Top Adjust Forward Vertical Lateral Combined Full Fwd,
Position Loading Loading Loading Loading Full Side
(ib,) (1b.) (1%.) (1b.) (ab.) ’
Ps - - 0 0 -
Py 8,386 1,100 11,600 +12,970 18,358
Plo 8,386 1,100 -11,600 + 2,400 - 598
(1)

Based on 80% of occupant weight
(2)

No-armor configuration critical
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1

“(FUJJRU4>

R
» R
oL %ya

1'3751:

{
14.125:!

@) R,

Pyl roa]
Figure 18. Example of Load Diagram.

IF,! = 0

.80 . 12 = °
(cos 17.8%) A, + 0.1 (2K ) + 0.1 (2R ) = (Pi+ P))sin 16

0.952¢A) + 0.2(R ) + 0.2(k ) = 8,080(0.276) = 2,230 1)
UL LL

IFP ! =
X 0
7.8° 2 + - + 16°
(sin 1 ) A+ (RUL) Z(RLL) (P} + P,) cos 16

0.306(A ) + 2(R ) + 2(R ) = 8,080 (.961) = 7,770 (2)
1 UL LL
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(cos 17.89) (Al) 1.375 + (sin 17.89) A1 (14.125) + Z(RUL) 14,125
=(cus 16°)P1(6.85) + (sin 169°) Pl(16.75) + (cos 169) P?(8.93)

+ (sin 16°) P_(4.84)

5.62 (Al> + 28.25(RUL) = 11.21 (4,820) + 9.93 (3,260)

RUL= 1,915 + 1,145 - 0,1985 (Al) = 3,060 - 0.1985 (A))

Substituting equation L into equation 2,

R = i1,150 -~ (R ) - 4.76 (A
- (UL) (1)

C.306{a ) + 2 + - - 4. = 7.7
@) + 2 ) + 2 [I1,150 (R, ) - 4.76 (Alﬂ 7,770
=9.214(a)) = - 22,300 + 7,770 = - 14,530

A = 1,579 1b.

RUL= 3,060 - 0.1985(1,579) = 2,747 1b.

RLL= 11,150 ~ 2,747 - 4.76(1,579) = 893 1b.

R = 2,747 1b. = R
UL UL

A = 1,579 1b.

For lcads applied to the support structure,

R\,l = 4, (sin 17.8%) = 1,579 (0.308) = 483 1b.
1
R =&, (cos 17.8%) = 1,579 (0.952)

1,500 1b.

ft

Equationg for Support Structure Member Loads (Reference Figure 20)

R = ,864 + .436

1 8 RUR 3 RLR
R = .136 + .564

2 > RUR >6 RLR
R = .864 + .436 R

3 RUL LL
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= .I36 R+ .564 R
R, > fuL LL

1

-]
#

< .952 R+ 480 R - 088 R - .044 R + .5 R
UR LR UL LL X

1

R = .952 R+ .480 R - .08 R - .044 R +.5R
3 UL LL UR LR X
P = 2,656 R +1.339 R - .245R - .123 R + 1.395R '
3 UR LR UL LL X
P = 2.656R_ + 1.339 R - .245 R _ - .1 . !
. oL . o 23R+ 1395 R
1 1
P = 42,481 R+ 1.251 R _ - .220 R__ = . 1.
1 { UR LR g " M3 Ry o+ 1,303 Rx_,
1 .
P = -[2.481 R+ 1.250 R - .229 R - . +1.303
) oL L R " 115 R +1.303 RXE}
P =-I_2.253R + 1.136 R, _ + 1.302 R ! + .5
1 1 UR LR X > RJ
[ 136 1.303 R} B
P, =-L2.253 Ry, * 1136 Ry + 1303 Ry + .5 k.|
1 1
= — . . 1. + - .
P [2 483 R, + 1.252 R + 1.303 R, SR, 230 R,
- .116 RUJ
P =-[2.4 +1.252 R+ 1.303R.' 4+ .5R ! - .230R
22 83 Ry LL 3Ry R, 30 Rp
- .116 Rua
1 1 1
P =-{2. +1.136 R+ 1.303 R} + 0.
N 253 R+ 1.13 et 3R 5 R
TN " ]
+ 0.1 Eun' R’ lRYU' ’RYLI }
! =‘[z.2' +1.136 R +1.303R ! +0 !
P22 53 RUL .136 LL 3 X .5 Rz

+ 0.1 DRULl ML LS i IRYL-I]}

The two previous equations are not applicable for the indegendent lateral

load condition; for the lateral loading, PHl = Pl and P22 P,.
R ! e 150 R+ .622 R__ - 014 kK_ - .058 R
2 UR LR UL LL
1
= 150 P + .622 R - .0l4 R - .058 R
Ry 2 UL 1L UR LR
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.864 R+ .436 R
YU Y

=
—
0

L

R = .136 R+ .564 R
YU YL

Loads for lateral Acceleration to Left Only

P, = 4.48 R
Y
1
Pg =0
PS = P3
P =P, - 3.59 RY‘
P, =P, 4 3.99 RYl
P,. =P, - 3.
1 “ 99 RYl
TABLE VIII
r SUMMARY OF ATTENUATOR LOAD REQUIREMENTS
Total Attanuator Requirements
Condition 1 Condition 2 Condition 3
Forward Vertical Lateral
Loading Loading (1) Loading
g 1b. g 1b. g 1b.
Seat-Center Ad- Upper Lower
just Positicn Load Load Load Fitting Fitting
A. Armored Seat
Configuration
4
1. 200-1b. occupant 22.5 8,505 17 4,960 11.15 1,400 1,537
2. 135-1b. occupant 25.9 8,505 17 4,355 13.60 1,493 1,547
B. No-Armor
Configuration
1. 200-1b. occupant 22.5 6,160 17 3,360 16 1,276 1,473
2. 135-1b. occupant 29,1 6,160 17 2,630 21.60 1,345 1,472
1 (1) Loads are based on B0 percent of the occupant weight. As the seat
moves vertically, the angle that the attenuators make with the front
support legs will decrease, regulting in an increase in deceleration
loading of approximately 1g.
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lg

g
}4-*1! 625"

Figure 19, Support Structure.
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SLAT RUCKFT FRAME (Refereunce drawing 201~000327)

The bucket frame is composed of two back beams, te which the support struc-
ture attachments are mounted, and two bottom beams, which are cantilevered
of{ the back heams (sec Figure 17). For applied loads tending to votate
the seat bottom lip up, the structure works as individual beams; however,
for applied loads tending to rotate the bucket lip down, the beams are
supported by the side skins. The forward load condition, seat tep adjust
pesition, has been found by preliminary analvsis to be the design conditicn
for both the bottem and back beams.

/
16°
S = 3,600 b.#-}—. Point K
CL 9.6 c
L ~
SlC‘OO A
lbl (Ioop) ! A
= 7
c 2,-OOA1b.450 A 190"
C
} ‘ A“ N Polne g
85° - ~
R ael
17
w 3.125’.
7
—"A.Zﬁ‘- (Reference Drawing
) 201-00035 and
g 12.25 ¥ Table IV)

Figure 21. Seat Bucket lLoads.

INERYIA REEL ATTACHMENT (Reference Drawing 201-00027)

The Pacific Scientific Inertia Reel type is degigned for 4,000 pounds com-
bined total strap load per manufacturer's drzwing 0107110-1. Therefore,
all reel actachment points are adequate for the design strcp load of 1,800
pounds, and only attachment structure will be analyzed.
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1,800 1b./gtrap

Inertis Reelﬁ

201-00051

201,00047

All rarging of safety for the reel atrachment are greater than + .25 except
thuse analyzed herein.

INERTIA BEEL SUPPORT TUBE - PART NUMBER 201 -00027

Inertia Reel 4340 steel tube

.0 12,

.065 1in.

10y 4n,

.021 in."
.04193 in,
200,000 p.s.1.
119,000 p.s.1.

[ = & o B o

tu

x7»'- :d fu

1,809 (3.6) = 6,470 in.-1b.

>0

-
[ ]

X
]

1,800 (2.8) = 5,050 in.-1b,

i = 32050 4 120,500 p.s.i.
bu 04193

£ 6,47000.5) = 77,000 p.s.1i.
sty T2(0.021)

€ - =5 B4 2 )
fu 515t 18,860 p.s.1i.

Por L/, = %—5- =15, D/ = 15.39
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¥ = 112,000 p.3.1.
stu
F = 263,000 p.s.1.
bu
M.§5. = VRZ T ﬁ TR -1
st b2 s
where
R = fSCu = 77,000 = 0,689
st Fscu 112,000
foy . 120,500
= DU = 26V, VY = (0 458
Rb Fb 263,000
u

- gsu _ 18,860

= Tig,oo0 - O 1984

su

~ M.S. = ¥ ggi 4+ 0.1584 -1 =+ 0.0l

The maximum fastener load from the {nertia reel obtained by conventional
multiple fastener load distribution analysis is 1,066 pounds. These fas-
teners must also transmit the track lcads to the back beams for the seat in
the bottom adjust position. The two loads are on different shear planes,
but they both combine and bear out in the back beams. The track attachment
loads for the bottom adijust position are less by observation than those for
the top adjust position. For brevity of analysis, the load for the top ad-
just position is conservatively added to the fastener load from the reel

actachment. This track attachment load is determined by preliminary anal-
ysis to be 631 pounds,

1
P (in. 0.05 + 0.032 2024-T42) = 1.12(1500)9-%82 _ 1720 1b.

bru 0.080
(Refereuce 7)
1
M.s. = Zbru _y o 1720 _} . 4 0,01
Pbru 1066 + 631
69
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VERTICAL BEAMS (Reference Drawing 201-00032)

All Sheet 2024-T42 Clad

200
A = 0.8048 1in.? Ix = 0.911 in."
X = 0 in. I, =+ 490 in.Y
Y = - 4
Y = 1.43 in. Ixy 0.107 1in.
SECTION C-C

Figure 22. Vertical Beams, Seat
The maximum bending loads on the aft beam are as follows (see Figure 2i for
symbols and dimensions):
A, = Y% (armor weignt) (22.5)(sin 16°) assuming that one-half of

A the armor weight is reacted at the lower fitting.

AA = 1 (95) 22.5 (0.276) = 295 1b,
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A. = (pilot weight + armor weight + bucket weight) (sin 18.78°)
22.5 where the bucket weight includes all structure that moves
with the bucket requiring vertical attenuation.

= (200 + 95 + 14 + 50) (0.323) (22.5) = 2,600 1b.

IM = 3,600 (9.6) = 34,500 in.-1b.

£MB = 2,200 (12.25 ~ 1.5) + 0.707 (5,000) {4.25 - 1,5)

~-2,600 (3.125) (cos 2.78%) + 295 (1.90)
= 23,400 + 9,730 - 8,130 + 561 = 25,561 in.-1b.
For the no-armor configurationm,

AA = 0

A. = (200 + 50) (0.323) 22.5 = 1.820 1b.

IM, = 34,500 in.-1b.

M, = 23,400 + 9,730 - 1,820 (3.125) (cos 2.78°) = 27,450 in.-1b.
£ = (K- Ky M) x (KM - K M)y
Por M = 2&;299 = 17,750 in.-1b. each beanm,

M, = 0

P = ‘glggg(sin 16°) = =485 1b.

£

bu. Hx (le-Kz y)
Point A, x = 0.8 -0 = 0.8 4n., y = 2.95 -1,43 = 1.52 in.
Point B, x = 1,032 -0 = 1,032 in., y = ~1.43 in.

1
x - 0.246 -

Kl-' e o
(LI =1 ) in.

I ]
e w].125 4

. 1Inw
(I, 1y ~1,,2) in,

Ko =

71

FOR OFFICIAL USE ONLY




FOR OFFICIAL USE ONLY

£ = 17,750 {0.2462(0.80) -1.125(1.52)] = 17,750(~1.51) = 26,800 p.s.i.
bu(A)
¢ £ = 17,750 0.24620.032)-1.125(-1.41] = 17,750(1.865) = 33,100 p.s.1i.
bu(B)
r =B =_548 - 604 p.s.i.

c A 0.8048

For crippling analysis, assume an effective section of the .080-inch 2024~
T42 clad sheet, 2 inches wide with both edges fixed.

b=2.0 = 26.1, based on 2 percent
t .08 x .96 cladding per side of
sheer
F = 39,000 p.s.1i. (Reference 8,
ce Figure 403:18)
) F = 34,000 p.s.i. (Reference 7,
A, ¢y Table 3.2.3.0(d))

Loads on point A are critical.

Ms. = Yoy ) . 36,000
£t £ (26,800 + 604)
u c

CROTCH STRAP TUBE (Reference Drawing 201-00038)

The crotch scrap is mounted on a steel tube, positioned below the seat pan,
and attached to each side of the bucket. The crotch strap tube is also

utilized to react down loads induced by the seat occupant. The critical de-
sign loads are from the crotch strap.

Crotch strap design load = 2,200 pounds (See Table IV)

b
¢, 200 l-inch-diameter tube, t=0.058 in.
l‘-—a. 5" 4340 stl., F, = 200,000 p.s.i.
¢ =] A =0.172 in,*
b 17 { D =17.21, 1 =0.01911 in."
R, R t

¥ = 2200 (1D o 9 350 {n.-1b.
o 2 2
Ry = R, = L%@ = 1,100 1b.
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¢ = Mc _ 9350€0.50) _ 544,000 p.s.1.
bu I 0.01911
D -17.21 and F = 200,000 p.s.i.
t tu
F = 259,000 p.s.i. (Reference 7, Figure
bu 2.4.1.1.1)
2R; _ 2(1,100) _
foy = X--1 = =5 = 12,790 p.s.1i.
F = 119,000 p.s.i. (Reference 7, Table
su 2.3.11¢a))
1 —
M.S. = RI+RZ L
where
_ fbu | 244,000 _ g,
Ry Fy 259,000 '
u
R o< Isw 12,790 _ 4 00
s F, 119,000 :

1 t
M.S., = -1 = = - =
M-S. = 5885 + 115 pb=0

LAP BELT ATTACHMENT (Reference Drawing 201-00039)

" The design load for the lap belt is 5000 pounds. The resultant design load
on each fitting is 2500 pounds.

The fitting and mating structure are designed such that only the rear tang
resists P.

When a = 459,

P.= P, = (sin 45°) 2,500 = 1,770 1b.

Rz2 (1.313) = 1,770 (1.23) ~1,770 (0.57)

R22 = 885 lb.
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P
(Lap Belt)

£

S |

- Reference page 73
for Lug Side View

Fasteners

A - MS20470-DD6
B - MS20426-DD6
C - M590354-3/16
D - M590353.3/16
E - MS90354-5/32

Figure 23, Lap Belt Attachment,
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P (LAP BELT)
— PIN

0.141—
0.218"

l ' (igért A

R
X

Joint B
AN-4 Bolt—@ b
A

(1 w

0.25 0.25

0.563" g~ 0.50 jg—

1b.

=
n

P =1,770 1b.
X

Similarly, for o = 559,

Py = (cos 55°)(2500) = 1,435 1p.
P, = (sin 55°)(2500) = 2,050 1p.
R22 (1.313) = 1,435 (1.23) - 2,050 (0.57)
Rz2 = 456 1b.
R, =P, ~R, =1,59 1p,
1 2
R =P =1,4351b.
X X
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JOINT A

Shear-Bearing

t

Pu = KbrAbr Ftu (Reference 16)
where
App = Dt = 0.3125(2) 0.141 = 0.0882 1n.2
Ftu = 64,000 p.g.1. (Reference 7,
Table 3.2.3.0(b))
Te find Kbr’

a _ 0,418
2,288 = 1.3
D 0.3125 or >

pu‘ = 1.35 (0.0882)(64,000) = 7,610 1b.

Asgsume a wear factor o

f 2 due to the steel pale fitting and the aluminum
female fitting.

M.S. = Te8L0 ;. 45 s
2(2,500)

JOINT B

Pin Analvsis, NAS 1588-3, 3/16~dia. bolt

F.. = 185,000 p.s.1i. psl = 3,100 1b.

1913 fao.37s
T

z
11 2? ey Assume that the beanm is

LA‘ B C{ pinned at point 3.
" ]
f—1.03 1.03k1

Pmax occurs for a = 559, Rz1 ~ 1,594 1b.

R

P = (1.031-0.375) 1,59% = 1,015 1».
A 1.031

PIN SHEAR

Pslsu- 3,680 1b. (Reference 21,
Table D1.1, AN-4 bolt)
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M.s. =P} -1 = 2080 -1 = 2,04
PS su 1,015
85U
LUG_SHEAR BEARING
= I .
Pu Kbr Abr Ftu ‘Reference 16)
where
Ay, = Dt = 0.25(0.25) = 0.0625 in.?
F,, = 64,000 p.s.{i.
To find Kbr’
a _ 0.25 _
o T 1.00
Kbr = 0.75 (Reference 16,

Figure 1i)

Base Fitting 201-00045

Utilizing the fitting and associated side and bottom skins as a pinned end
beam, the lap belt loads are beamed forward to the support hat (201-00042)
and aft to the vertical posts,

W ¢,032%
Section A-A, see page 67 0.063 j-0.08" All Sheet
Assumed Effective Section is 2024-T42 Clad
i
0.175 4
1.125"%
0.135"
0.04"
‘: 2,25"
1.125" y = 1.10 in.
L *41 = .1964 1in."

7
e—r—l
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v, = 22200 (45 25.7.0) = 5,790 in.-1b.

“a-a 2
£ = Mc . 5,790(2.25-1.10) _ 33 800 p.s.i.
bu I 0.1564

Compression in top element,

522501 2 .56, cladding ¢ = 87(1)

t 0,175 ¢

o896 5 s

t = (1-0.08) ~ -

eff (

F = 45,000 p.s.i. (Reterence 8,
ce Figure 403:18)
F = 34,000 p.s.i. (Reference 7,
‘s Table 3.2.3.0(d))

M.S. = Foy -1 = 34,000 ) o 40,01
3 33,800
bu
The side skins (t = 0.036 in. - 2024-T42) are utilized to react by skin

tension the loads tending to rotate the bucket lip down plus loads normal
to the skins.

fasteners

30 2 ROWS
Spaces

(see Drawing 201-00032)
20-——14

Spaces
D6
l row

Skin tension load due to down load

p
(1/2 R) s R. = 2,900 1b.
z A

&4
50° (see page 54)
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LﬁRz

P =L ___ =1,895 1b.
s sin 500
Skin normal load due to side load,
PL = 4,000 1b.

(see page 35)

Conservatively assume that one-half of one row of fasteners at the back
posts and one-half of the single row at the bottom react the side load of

4,000 1b.; also consider approximately 7 inches of skin reacting Ps

1,895 1b.
Back Posts

29-AD5 fasteners, 30 spaces

(Reference 8,

Tables 702:1101,

P! = 450 1b. in 2024-T42
bru
702:1402)
1 =
Pl = 311 b.

Seat Bottom

21-DDé fasteners, 22 spaces

1 =
Pl = 525 Ib.
Pl = 354 1b.
tu
Ppro = 22> = 203 1b. per rivet, 0.75-in,

0.75

- 4000

P 32V = 160 1b. per rivet
tu  (21429)% P

AD5 fasteners

1
M.S. = -1
Ry + R,
Phru _ 203 Peu 160
= B e e— .' B oemm— F ——— = N 5
Rg = Rppy BIo ™ 45 6.451, R . T 0.51

M.5. = —L_ -1 =+0.05
C.966
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SEAT BUCKET ATTACHMENT AND SLIDE ASSEMBLY

The seat bucket is attached to the support structure by two combined lateral
and vertical slide assemblies. The slide assemblies are critical when
positioned at the top adjust position for Condition 4, Combined Loads.

LOADS (see Figure 20, page 66 and Figure.24, page 81)

RUL = 2520 1b.

Ryp = 3430 1b.
Ryy = 688 1b.
Rip = -1208 1b.
RLR = -2652 1b.

Ryp = 312 1b.

Friction loads, F, are based on a friction coefficient u of 0.10.

Example: F

R = #Rg + Ry
Fip = 296 1b.
Fj, = 152 1b.
Fyp = 412 1b.
Fy = 321 1b.

The load diagram, Figure 24, is derived by transmitting the z' components
of occupant, seat, and armor loads to the seat back. The load then passes
through the lower slide fitting, 201-00029, through the actuator, Load A,,
and to the support structure via the attenuators, Load A. The remaining
components are reacted in a normal manner. Fr